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NEW 19" AND 





MAZDA TYPES 
CME1901 AND CME2301 


The CME1901 and CME2301 are, respectively, 19in. and 23in. 
cathode ray tubes using magnetic deflection and electrostatic 
focus. The diagonal deflection angle of CMEI1901 is 114 
and that of CME2301 is 110°. The shape of these tubes differs 
from the shape of conventional 110 tubes in that the face 
plates are more nearly rectangular. In addition the radii of 
curvature of the faces of the 19in. and 23in. tubes are greater 
than those of the 17in. and 2lin. tubes. These changes result 
in a more pleasing presentation of the picture. 


The external shape of the glass in the deflection region of these 
tubes is identical to that of conventional 110 tubes, enabling 
coils with conventional 110° internal mechanical contours to 
be used. 


With equal values of final anode voltage, beam deflection in 
the CME1901 and CME2301 can be carried out with no more 
power consumption than in the CMEI703 and CME2101. 


GENERAL DETAILS 


Aluminised screen 

Silver activated phosphor 

Grey glass 

External conductive 
coating 


Rectangular face 
Electrostatic focus 

Magnetic deflection 

Straight gun — non ion trap 
Heater for use in series chain 


Heater Current (amps) I, 
Heater Voltage (volts Vi 12.6 


TENTATIVE RATINGS AND DATA 


Design Centre Ratings CME1901 CME2301 


Maximum Second and Fourth 

Anode Voltage (kV) i 17 17 
Minimum Second and Fourth 

Anode Voltage (kV) ; 14 15 
Maximum Third Anode Vol- 

tage (volts) 3(m 700 t- 700 
Maximum First Anode Vol- 

tage (volts) ’ 500 500 
Maximum Heater to Cathode 

Voltage—Heater Negative 

d.c. (volts) 180 180 


Thorn-AEl Radio Valves and Tubes Ltd 
155, Charing Cross Road, London, W.C.2 


Tel: GER 9797 Grams: Sieswan Westcent London 
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23" TELEVISION 


CATHODE RAY TUBES 


Inter-electrode Capacitances (pF 
Cathode to All* Ck -al ; 
Grid to All* Cie 8 8 
Final Anode to External Con- 

ductive Coating (approx. Ca2, a4-M 1500 2000 
*Inter-electrode capacitances including AEI “‘Clix’’ B8H holder 
VH68 81 (8 pin). 


CME1901 CME2301 
5 5 


TYPICAL OPERATION 
CME1901 CME2%01 
Second and Fourth Anode 
Voltage kV wr 16 16-17 
First Anode Voltage (volts val 450 450 
Third Anode Voltage for 
Focus-Mean (volts Vas 180 180 
Grid Bias for cut-off of 
Raster (volts 
Average Peak to Peak Modu- 
lating Voltage for Modula- 
tion up to 350pA (volts 34.5 34.5 
Note: All voltages given with respect to the cathode. 


Maximum Dimensions (mm CME1901 CME2301 
Overall Length : 386 
Face Diagonal 7 S98t 
Face Width 

Face Height 

Neck Diameter 

+The maximum dimension at the face seal may be 3.5 mm 
larger than this dimension but at any point around the seal the 
bulge will not protrude more than 2 mm. 


Tube Weight (Ib. CME1901 CME2301 
Nett (approx.) 13.5 27 


Side Contact: CT8 (Cavity) Base: B8H 


38 to 72 38 to 72 


$5, Gp G4 SIDE CONTACT 
Qe 4 TOLERANCE 230° 
NP 
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Illustrated on the left is a Spectrum Analyser. 
The heart of this complex instrument is a bank 
of very narrow band crystal filters as illustrated 
above. The graph below shows the response of 
a typical filter of this type. The instrument also 
includes d.c. amplifiers of very high stability. 


The Spectrum Analyser illustrates the range of 
equipment which we design and manufacture to 
special requirements. 


ELECTRIC WAVE FILTERS 


Filters designed for band pass, low pass, high 
pass or band stop characteristics. 

Band Pass Crystal Filter 84964 
Frequency range is approximately 0-20 Mc/s. T | Sy ee a 





Filters designed by modern techniques to a | 

given specification. | _pl 
. . . | ; 
Filters for use in multichannel systems. bh 4 |, 
oe ST ] 


« . . ~ / 
Filter amplifiers and active filters for use at ~~ 
low frequencies. ' i 


BARR & STROUD LTD. me 


| 
| 
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Manufacturers of 


MORSE KEY TYPE F, AIR MINISTRY 
ELECTRICAL COMPONENTS Ret No 10F/7741 

A general purpose type 
COMMUNICATIONS EQUIPMENT messe fan outiediats 
METEOROLOGICAL EQUIPMENT suited for aircraft use. 


PLASTIC MOULDINGS 








MORSE KEY TYPE D, AIR MINISTRY 
Ref No 10F/7373 

A heavy duty unit 

suitable for use in 

fixed or mobile 

ground stations. 


LINE SOURCE 

RADIATOR 

This Line Source Radiator 
Loudspeaker unit consists of 
six 10” loudspeaker units and 
associated matching equipment 
mounted in a metal cabinet. 


COCKPIT 


CONTROL KNOBS Each knob has been designed 
with a distinctive shape 


so that it is instantly 
recognisable by touch. ; 
cx 3 7, 


WHITELEY ELECTRICAL —  Seeus at the tut 


< > 


| 
y/ 


= Radio Show on 2 A 
RADIO CO LTD | gendeea Te 
MANSFIELD NOTTS 


Telephone: Mansfield 1762-5 at the $-B-A-C show on stand 118 


MI 





TEMPERATURE 


COEFFICIENT 


+0-0004 / p= . PRECISION WIREWOUND RESISTORS 


_———_——__—}} 
—SS 


This special range of resistors has been developed by Full technical data 
combining two wires having different temperature available from: 
coefficients to achieve a resistor having theoretically a Diss, Norfolk 
. Acie - . 
zero temperature coefficien Tel.: Diss 2288 
Type Ci Type C2 Type C4 London Office: 
Rating 1 watt + watt + watt 551, Holloway Road, 
Dimensions: Length 1%” 1%” #” London, N19 
Diameter #” = 4 Tel.: ARChway 0014 


Long term stability Better than +0.03°% for the 
first 1,000 hours use 


Range of Values 1002 to 100Qto 1000 to 
2 MQ 15MQ 1MQ 


Best tolerance +0.02% +005% +40.05% 
(Below 2002 +-0.1°%) 


ooo = ———————— 
~ == 
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* Cat. No. 81058-BT. Cat. No. 81046. 
Double Pole Double Single Pole Single 
Throw. 2 Position Throw. 2 Position 
Lever Type. Back Lever Type. Back 
Connecting Lugs. Connecting Lugs. 


The exacting conditions of service demanded by modern 
techniques in electronic equipment and instrument develop- 
ment are fully matched by this new range of ARROW 
bakelite enclosed switches. 

Their main characteristic is the maintenance of low contact 


resistance after considerable life. 


Circuits available S.P.S.T., $.P.D.T., D.P.S.T., D.P.D.T. 
BIASED ACTION SUPPLIED FOR ALL CIRCUITS. 
Maximum rating 3 amps at 250V AC/DC 


Write today for full particulars of these instrument switches. 
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Cat. No. 81055-B-BP. 
Double Pole Single 
Throw. 2 Position In- 
sulated Lever Type. 
Back Connecting Lugs. 


ARROW 


ARROW ELECTRIC SWITCHES - BRENT ROAD - SOUTHALL - MIDDLESEX 
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TYPE SG. 63A FM/AM SIGNAL GENERATOR 


Here, within this one modestly priced instrument, are the essen- 
tial facilities and the essential accuracy demanded for servicing 
radio and television receivers on bands I, Il and Ill, The SG.63A 
provides 


@ Frequency range @ F.M. at 1000 c/s fixed 
75 Mc/s to 230 Mc/s + 22°5 ke/s and + 75 ke/s 


@ Crystal Calibrator checks @ Wide deviation at line 
at 5 Mc/s points frequency variable 
(accuracy + 0°03°%) 0 to + 200 kc/s 


e@ A.M. at 1000 c/s fixed 30°, 


This instrument is also available with output 
impedance of 50 ohms 


NETT PRICE IN U.K. 


LOB 





Advance COMPONENTS LIMITED Full technical details in Leaflet K61 


oe INSTRUMENTS DIVISION 
ROEBUCK ROAD » HAINAULT « ILFORD + ESSEX * TELEPHONE ! HAINAULT 4444 
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How to make a Gilt-edged Investment 


Ordering printed wiring edge connectors should be PRINTED WIRING CONNECTORS 
regarded as making an investment. Your investment SEADLS-CIDED BOARDS Sqtmnneua neaame 


can be gilt-edged if you specify CONTINENTAL— “isch miickness. ofr wars pitch thickness of ways 
CONTINENTAL can offer you a wider range of printed § $19 003 a. idS24823%0 0200 0.062 16,32 46&68, 
wiring connectors than any other manufacturer and = S300. (8.063 © 1 17, '3,18 22 ©27 0200 O08 pes are available 
this range includes the new international standards. contact omitted) «0.150 0.062" 10m32single-sided 
All are gold plated but can be offered in many 920 S03 *‘%a%” 0.156 0.062 Séways double 


variants to suit your particular application ALSO AVAILABLE 


Miniature plug & socket connectors. Sub-miniature rectangular plug & socket 
connectors. Micro-miniature rectangular plug & socket connectors. Hermetic- 


Please write for leaflets, outlining your requirements aks eieiaers De taken aie, coammaed thoes 


FOR BUILT-IN QUALITY AND RELIABILITY, SPECIFY Continental Connectors 


CONTINENTAL CONNECTORS LTD - INDUSTRIAL ESTATE - LONG DRIVE - GREENFORD - MX - (WAXIow 5721-7) 
ASSOCIATED WITH THE ULTRA GROUP OF COMPANIES 
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STANDARD RANGE OF CHOKELESS STABILISED POWER SUPPLIES — SERIES D.1 


These units can be supplied in various models to 
provide D.C. output up to 500 volts and maximum 
current up to 300 m/A. 


Both output terminals are insulated from the 
chassis and therefore either positive or negative 
supplies may be obtained. 


The standard model is supplied as an open chassis 
for inclusion in other equipment. Alternatively, 
they can be supplied for rack mounting or fitted 
in a ventilated mild steel case as a portable bench 
apparatus. 


Valves are all normal commercial types, and there- 
fore, replacements’may be obtained without undue 
delay. 


BASIC TYPE OPEN CHASSIS MOUNTING. 
Open Type ‘Cc’ Core 
Transformer. Transformer. 
GENERAL SPECIFICATION (ALL MODELS) Electrolytic Paper 


Smoothing Smoothing 
MAIN INPUT. Cond b Cond ° 
200-250 volts 40/60 cycles Single Phase A.C. 


STABILITY. 
With respect to mains output does not vary by more than 0-1% 
for a mains fluctuation of + 10%. 


RIPPLE. 
Not more than | m/v. 


SOURCE IMPEDANCE. 
Not more than -25 OHMS. 


HEATER SUPPLIES. 

6-3 volts all Centre Tapped. 
Up to 200 m/a output 2 x 3 amps. 
Over 200 m/a output 2 x 4 amps. 





oe eh ea 
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we 


BBEBSasanap 
PPS PSENOYVeprp=-o 
COmeaanccococoseecace * 


NmNNNNNHHNONNNNNNANNNND 
SESosssssssescsscs 
SSYYVSSSSSRERBB 
ry-t-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-) 
ry-t-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1- fm 
SSSSSLLASSSSSSSRRR 


S8SSsSS888 


TYPE ‘A’ 
A continuously variable output minimum 75 volts to maximum as above with current restricted to 70% maximum when output 
volts are below 40% maximum. 


ADD £10 Os. Od. to basic price, please add letter ‘A’ to basic type No. 
ADD £7 10s. Od. for front panel units, please add letter ‘F’ to basic type No. 
ADD £15 Os. Od. to basic price for totally enclosed and ventilatedjmetalfcabinet and add letter ‘T’ to Basic type No. 


WE RESERVE THE RIGHT TO ALTER PRICES AND/OR SPECIFICATIONS WITHOUT NOTICE. 


A.C.M. ELECTRONICS LTD. 61, OSBORNE ROAD, ACTON, LONDON, W.3. 
ACOrn 693! (3 lines) 
M.O.A. and A.R.B. Approved 


SEPTEMBER 1961 ELECTRONIC ENGINEERING 





EE 37 012 for further details 


IN A PINT 
‘POT’ 





That is exactly what RIVLIN have done : ; 
. : Specification: 
with this new component, put a quart of Resistance Range: 10 2 to 10k Q 


performance into a pint size wirewound pre-set | Tolerance: + 10% 
pi p-EE- ERSNURND Temperature Range: —40 to +70°C Ambient 


potentiometer. (The illustration is actual size.) Weight: 0-1 oz. 

Temp: Co-eff: Less than 20 p.p.m. 
It is of square form which allows versatile mounting and te (+ 0-002% per °C) 
occupies the smallest possible volume—only 0-11 cubic | Rating: | Wott at 70°C 
inches. The rugged construction ensures stable settings End Resistance: 5%, 

under vibration and shock conditions and the precision Stability as Voltage Divider over 

worm drive results in smooth adjustment and absence of | Temp.Range +20°Cto +100°C: +025% 
backlash. A ratchet mechanism eliminates overwinding. It | Mechanica! Life: S00 aycies (Sider) 
conforms physically to BSI 3081 for printed circuit applications PATENT APPLIED FOR 











Send for leaflet to: 


RIVLIN INSTRUMENTS LIMITED 


Yorktown Industrial Estate, Doman Road, Camberley, Surrey. 
Telephone: Camberley 2507/8. Grams: Riviectron Camberley. 
London Office, Tel: Swiss Cottage 3038. 
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PRECISION 
wirewound resistors 
by the postal packet 
or the crate load, 
are made ; 
dependably by N HU 7 } 
RIVLIN | 1 liar eae EN 
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NEW ENCAPSULATION METHOD 


Rivlin Instruments Limited have developed a new 
method of encapsulation, based on epoxy resin, 
which has the following advantages :— 
Wide Temperature Range — Proof against 
High Humidity. Suitable for use in the temper- 
ature range —55°C to +120°C with or without 
humidity, without significant effect on accuracy 
and stability. 
Improved Stability. The new method results in 
resistors having stability of a very high order. 
interchangeability. The new range is completely interchange- 
able with the existing RIL types (1-9) and all dimensions are 
exact and repeatable within close limits. 
Precious Metal Plated Terminations. In accordance with 
the best modern practice, the terminations are gold plated for 
ease of soldering and to prevent oxidation during storage. 
STANDARD RANGE 
Rating {W to 3W. Range 12 to 3MQ tolerance to +0.1% of 
nominal value or 0.0102 whichever is the greater. Terminals, 
wire leads or solder lugs, fixing studs can be fitted. 
PLUG-IN 
Rating 4W (other ratings to order). Range 502 to 200KQ, 
tolerance +0.1%. Designed for rapid range changing in 
recorders, computing networks, voltage dividers, etc. Phosphor 
bronze pins, gold plated for low contact resistance, plug into 
Electro Methods type D2 socket (special spacings to order). 
| PRINTED CIRCUIT 
u Rating 4W (other ratings to order), range 502 to 200KQ, 
tolerance + 0.1%. Designed specifically for Printed Circuit use 
STANDARD RESISTORS with Phosphor Bronze pins, gold finished, spaced to suit 
standard Printed Circuit module. 
NEW PRODUCTION CAPACITY 
TYPES P.201 By the recent completion of additional factory, laboratory and 
& P.C.301 ; office buildings our capacity and scope have literally tripled. 
FOR aaa Delivery is now 3 to 6 weeks according to size of order. Where 
PLUG-IN high accuracy and consistent performance are vital consider- 
AND gees ations then RIVLIN is the resistor to specify. 


PRINTED | RIVLIN INSTRUMENTS LIMITED 


CIRCUITS 
Yorktown Industrial Estate, Doman Road, Camberley, Surrey. 
Telephone: Camberley 2507/8 Grams: Riviectron Camberley 
London Office. Tel: Swiss Cottage 3038. 
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What’s on the I-C-T stands for you? 


AN OPPORTUNITY TO STUDY I-C-T data 
processing equipment at work and to 
discuss its benefits with experts. 
Demonstrations showing electronic 
computers and 21-, 40- and 80-column 
punched card machines doing a 
variety of jobs including: 


PAYROLL 

JOB COSTING 
STOCK CONTROL 
CREDIT CONTROL 
SALES ACCOUNTING 


. . . . . > * > . > > * 


STORES PROVISIONING 

INVOICING AND STATEMENTS 

MULTIPLE STORES INVENTORY 
CONTROL AND MANAGEMENT 
STATISTICS 


* . * . . . . . . . . * 


INVOICING —WITH AUTOMATIC 
COMPARISON WITH STOCKS 
AND SIMULTANEOUS PRODUCTION 
OF SALES ANALYSES 


AN OPPORTUNITY TO the latest 
products of I.C.T research. Faster, 
more efficient and more economic 
machines which bring new concepts 
to data processing. 


MAKING THEIR FIRST 

PUBLIC APPEARANCE 
The 558 computer, which introduces 
a new dimension to 40-column equip- 
ment, making it the world’s most 
powerful small punched card system. 


The 975 high-speed calculating tabu- 
lator which provides still greater 
efficiency and higher productivity 
in the 80-column field, and bridges the 
gap between punched card machines 
and small computers. 


The extremely powerful 1301 
medium-sized computer which offers 
both large and small business organi- 
sations flexibility, ample capacity 
and high productivity at low cost. 


DATA PROCESSING 


ELECTRONIC ENGINEERING 





ELECTRONIC COMPUTER 
EXHIBITION 
October 3rd—12th 
I'C:‘T STAND NO. 21 


BUSINESS EFFICIENCY 
EXHIBITION 
October 2nd—lI11th 
I'C-T STAND NO. 25/36 





a ae ee ee ee ee SD ee ey 


INTERNATIONAL COMPUTERS AND | 
TABULATORS LTD (EXHIBITIONS DEPT.) | 
149 PARK LANE, LONDON, W1 ] 





Please send me tickets (insert number in bor) 
for the following exhibitions (delete erhibi- 
tion not required) 


BUSINESS EFFICIENCY EXHIBITION |_| 


ORGANISATION 


ADDRESS ———. 


! 
! 
! 
! 
! 
ELECTRONIC COMPUTER EXHIBITION | | 
I 
! 
! 
J 
! 
! 
! 
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PRY me eS IONS 


Mee) Oem mcs Type 2203 
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Built-in Standardized Weighting 


Networks 
Condenser Microphone 


linear from 
20 c/s - 15 ke/s +1 db 


20 c/s - 18 ke/s + 2 db 
at O° incidence. 


Ask for demonstration 


Tel: GROsvenor 4567 


SEPTEMBER 1961 


Range 
22 db S. L. to 134 db S$. L. 


Portable 
Transistorized 


4 Tilney Street, Park Lane 


Cables; BANKLABS LONDON 
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NASHTON 


voltmeters 


to Reduce Inspection and Test Costs in Laboratory and Production 





1, 3, 10, 30, 50 c/s to 
AC/DC 100, 300V, AC 200 Mc/s. 3-4 pf 
Valve 


Voltmeter DC as for AC 
plus 1000V orm toma 


23% 








20MQ +3% 
DC Valve 1, 3, 10, i 
al ue 10, 30, . balanced or and 1%/24 


Voltmeter 
00, 10MQ hour 
Microammeter 1000V, OC unbalanced stability 





Sensitive 30, 100, 300mV eet » 
Vaive 1, 3, 10, 30, 100, c/s to sma ” 
Voltmeter 300V, AC 500 kc/s 35 pt 43% 





100 to 1Ma 10MQ) for 
viv Universal 1, 10, 100 0.1, 1, 10, 4 ranges, 3V oltage 10MQ) to 
OC Meter 1000V, DC 100, wA DC DC test potential : KQ for current 


























The NASHTON Range — your requirements at a glance. 


Look at the performance of these four NASHTON Voltmeters, 
then look at their prices—they are of outstanding value for 
money. But that’s not all—they bring a new economy to 
production inspection and laboratory tests by speeding them 
up. They are designed for ease and simplicity of use and for 
rapid, mistake-free, repetitive readings under realistic work- 
ing conditions. Invest in NASHTON accuracy at NASHTON 
Economic Engineering prices—speed up the vast bulk of your 
work by quick, dependable, time-saving readings. 


TEXAS 
instruments Limited “** NA AY | a | Voltmeters in their Quality Assurance Department for Production Inspection. 


NASH & THOMPSON LIMITED 


Hook Rise South, Tolworth, Surbiton, Surrey Telephone: ELMBRIDGE 5252 
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In semiconductor power rectifier cells 


In order to meet the precise material specifications 


required in the production of semiconductor recti- 
fiers, AEI (Rugby) have selected several Wiggin 
high-nickel alloys to overcome problems of purity, 
corrosion and expansion. 


Design engineers and others interested in obtain- 
ing fuller information on this interesting appli- 
cation of our alloys, are invited to send for a copy 
of our journal ‘Wiggin Nickel Alloys’ No 61. 


To Henry Wiggin & Co Ltd, Wiggin Street, Birmingham 16 
Please send me without charge a copy of Wiggin Nickel Alloys No 61 


NAME 
APPOINTMENT OR DEPARTMENT 


COMPANY AND ADDRESS 


EL/E13/9 


aX HENRY WIGGIN & COMPANY LTD WIGGIN STREET BIRMINGHAM 16 


SEPTEMBER 


1961 13 


TGA 818 
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Accurate and Stable 


Frequency: 1 c/s to 111.1 ke/s 
Accuracy (max): 0.05% above 500 
c/s; 0.005%, at spot frequencies. 
Output (max): 126v into 8k ohms 
or 24v into 600 ohms. 


YY 
YY 


variable-trequency 


Yj 


ee 


D ad 880 a A (2 phase) 


Frequency : 0.01 c/s to 11.2 ke/s. 

Accuracy : 0.2% above 5 c/s; 

2% at 0.01 c/s. 

Outputs: 10v into 10k ohms 

and 600 ohms. YY 
Yy 


Decade Oscillators 


YY Frequency : 10 c/s to 31.2 ke/s. 
Accuracy: 0.2% above 
100 c/s; +0.3 c/s at 10 cfs. 
WY; Output: 10v into 10k ohms; 


Yy 
2.4v into 600 ohms. y 


Models cover a frequency range from 0.01 c/s to 111.1 ke/s. 
Write for Publications 130, 136, 137 


MUIRHEAD 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephone: 271-3880 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, 
N.Y., U.S.A. Telephone: Murray Hill 2-8131 509 
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PEbWNIAVE 
circulates 
everywhere 


TECHNIQUE is a quarterly 
journal of instrument 
engineering containing news of 
developments interesting to all 
designers. It is mailed to 


any part of the world on request. 


ARE YOU ON OUR 
MAILING LIST? 


MUIRHEAD & CO. LIMITED 
BECKENHAM, KENT, ENGLAND 
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RN RELAYS 


THERMAL TIME DELAY RELAY > 


q 31N1 RELAY 


THORN 3 IN I Stepping Relay .. . Rotary Switch... Relay... all in one, yet only slightly larger than a conventional relay! 
1. STEPPING RELAY Ratchet driven with two cams which operate 2 c/o contacts on the 6th position of each switch 
quadrant, returning to normal on the 7th position. 

2. ROTARY SWITCH Ratchet driven with four banks of twelve points each with bifurcated spring wipers. Transparent 
dust-cap fitted as standard. 

3. STANDARD RELAY Knife-edge armature pivot operating 2 c/o and 1 n/o contacts. 

Relay Contacts: to carry 1.0A or break 0.5A non-inductive at 50 V.D.C. 

Switch Contacts: to carry 0.5A or break 0.1A non-inductive at 50 V.D.C. 

Coil Voltages: 12, 24, 46, 60 and 110 volts D.C. 

This unit has wide application in automation, counting and tallying operations, automatic test equipment, sequencing 
on memory storage, remote control and telemetering. 

THORN PYGMY POWER RELAY Interchangeable relay for use in remotely controlled automation units .2 pole and 
3 pole changeover contacts. Dust proof—transparent polystyrene cover. Plugs into standard 1.0. and B.11A bases 
respectively. Only 44 ozs . . . projection only 2” above base. Mechanical life over 10,000,000 operations. 

Switching current: 5 amps maximum at 250 volts. A.C. Maximum surge current: 10 amps. 

Operate time: 8 milliseconds approx. Release time: 6 milliseconds approx. 

Overall dimensions: 13” square by 2 9/32”. 

Coil voltage: 6, 12, 24, 42, 60, 110, 220 volts. A.C. and 6, 12, 48, 60, 110, 240 volts D.C. 

THORN THERMAL TIME DELAY RELAYS. These are convenient for control purposes in communication, com- 
putors and automation. The relay may be heated with direct or alternating current, the heater resistance is rated for an 
output of 3-6 watts. With relays having a reduced pick-up time (3-12 secs.) the heater output may amount to 9 watts at 
maximum. This relay meets Mil. Specification R. 5757 if requested. Contact arrangement: Normally open or normally 
closed single pole. Contact ratings: with A.C. circuits max. 300 V.A. max, contact voltage 380 V.A.C. Max contact 
current 2.5A. with D.C. circuit max 30 W, max contact voltage 30 V.D.C. max contact current 1.5A. 

Pick-up time: range of adjustment in seconds: 3-12, 10-30, 25-60, 50-110, 100-200. 

Heater Voltage: 3, 6.3, 12, 15, 24, 15 V.D.C. or A.C. other heater voltages are available. 

Life Expectancy: 10° cycles at maximum rated current .2 x 10° cycles with 0.2A. 115 V.A.C. or D.C. 


THORN ELECTRICAL INDUSTRIES LTD., SPECIAL PRODUCTS DIVISION, 
Great Cambridge Road, Enfield, Middlesex. ENFIELD 5353. 


DTv/t 
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One operator...one machine... 


3000 dyeline prints an hour! 


Demonstrated on Stand 84 
BUSINESS EFFICIENCY EXHIBITION 
October, 2nd to 11th 


.  accomnam 


Here is the fastest automatic dyeline photoprinting machine in Britain: the ILFORD Azoflex Model 155. 
Using Azoflex Ninety Ninety paper, and one operator, the Azoflex Model 155 can produce every hour 
1500 copies (size 13” x 16”) or 3000 copies (size 8” x 13” or 8” x 10”) of the following: 


* Computer outputs * Operation sheets 

* Engineering drawings * Stores records 

* Parts lists * Accounts sheets 

* Orders/invoices * Bills of quantity 

* Production control sheets %* Statistics, reports, etc. 


A 25-compartment Print Collator has been designed for operation with the ILFORD Azoflex 155. Both 
are available for outright purchase or on hire. The Azoflex system does not use ammonia and is glare- 
free. Azoflex dyeline papers and machines are the finest and fastest in Britain today. 


Azoflex| 


Write for full details of the ILFORD Azoflex 
range of dyeline printing papers and machines from 


ILFORD LIMITED - INDUSTRIAL SALES DEPARTMENT AZ26G~ ILFORD - ESSEX 
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Who’s been 
sleeping in my sand? 


Wake up and look overleaf 
at these new devices from the 
G.E.C. Semiconductor Division. 


Postage 
will be 
paid by 
Licensee 


BUSINESS REPLY CARD 
Licence No. SK 390 


THE GENERAL ELECTRIC COMPANY LIMITED 
SEMICONDUCTOR DIVISION 
SCHOOL STREET 
HAZEL GROVE 
NR. STOCKPORT, CHESHIRE 


No Postage Stamp 
necessary if 
posted in 
Great Britain or 
Northern Ireland 





Presenting 3 brilliant performers .. . 


Write for details now 


* New mesa switching transistor 2N711 
* New subminiature high speed switching diode GEX71 


* New 16, 50 and 70A silicon controlled rectifiers SCR7, 
SCR9 and SCR11 series 


And if you’ re not already familiar with the wide range of G.E.C. Semiconductors, ask for . . . 
the G.E.C. Semiconductors Newsletter, mailed free every few months to keep you up to date 
with new products, applications. 


the G.E.C. Semiconductors Device Guide, containing abridged data on all current devices together 
with a list of available services types and a commercial comparative table. 


the G.E.C. Semiconductor Data Service which, for a small subscription will regularly bring you 
the latest data sheets and application reports on our range. 


SIMPLY FILL IN THIS REPLY-PAID CARD AND POST TO 


THE GENERAL ELECTRIC COMPANY LIMITED 


SEMICONDUCTORS 


SEMICONDUCTOR DIVISION, SCHOOL STREET, HAZEL GROVE, NR. STOCKPORT, CHESHIRE 


(If the card has already been detached, please write to us in any case) 


TO: THE GENERAL ELECTRIC COMPANY LIMITED SEMICONDUCTOR DIVISION SCHOOL STREET HAZEL GROVE NR. STOCKPORT CHESHIRE 


Please send me details of : 


the new mesa switching transistor 2N711 
the new subminiature switching diode GEX71 
the new silicon controlled rectifiers SCR7, SCR9 and SCR11 series 


Also please send me : 
the G.E.C. Semiconductors Newsletter the G.E.C. Semiconductors Device Guide 


an application form for the G.E.C. Semiconductor Data Service 


NAME 
POSITION 
COMPANY 


ADDRESS 
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Putting a Face 
omit... 


This masterpiece, a 14” bronze 
head of an ibex, was made in Persia 
2,500 years ago. The ibex was a 
symbol of Ea, the god of wisdom 
and patron of craftsmen and 
artists. It shows the great skill of 
the ancient craftsmen, but perhaps 
even more it exemplifies the 
cleverness of their techniques, in 
reproducing the features of head, 
horns and so on into intricate 
patterns of great beauty. 


Today, lonic have the answer to 
any metal finishing problem. The 
many and varied requirements of 
industry have to be met and 
mastered and skilful craftsmanship 
has to be allied with technological 
progress. 


Consult... 





PLATING COMPANY LIMITED | 





IONIC WORKS - GROVE STREET - BIRMINGHAM i8 
Telephone: SMETHWICK 2951 (8 lines) 


THE METAL FINISHING DIVISIQN OF THE G.K.N. GROUP OF COMPANIES 
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BACKLASH ELIMINATED 

PRECISE RESETABILITY 

LAW ACCURACY + 1.0% (ABSOLUTE) 
or 0.25%, IF REQUIRED 


This }?” diameter Helical of high quality yet inexpensive has been 
designed for manual operation and is available in two versions 
|. For standard wiring 
2. For PRINTED CIRCUIT application using 
the accepted 0.1” grid. 


TYPE HEL 07-10 


SPECIFICATION 


Resistance Range 100-30,000 ohms 
Resistance Tolerance i5% 


Law Accuracy +1.0% or better to 
(Absolute) within 0.25% if required 


independent Law Accuracy to closer limits 
Rotation—eective angie 3600° + 10° —0° 

Dials available if required 

Send for Data Sheets I! and 12 which give full 
technical details and di 





For SERVO application an entirely new Low 
Inertia multi-turn Syncro size unit is available 


See below * 





DIMENSION 
DRAWINGS 
OF PRINTED 
CIRCUIT & 
STANDARD 
VERSIONS 
HEL 07-PCI0 
& HEL 07-10 














3 TERMINALS 26 S.WG. 








m 


* FOR RESEARCH AND DEVELOPMENT ENGINEERS 


concerned with servo systems, function generation and environmental simulation, Reliance by 
means of an entirely new technique (covered by world wide patents) have developed and offer 
a multi-turn Potentiometer embodying in a single unit the following outstanding advantages: 





Size 11 Syncro Mounting 
Low Torque <6 gm. cm 
Low Inertia <0.01 gm. cm’ 
High Resolution 

Multi Tapping Facilities 
Multi Ganging 


E RELIANCE MANUFACTURING 
R ‘ [A N + EK COMPANY (Southwark) LIMITED 
GD 767 Sutherland Road, Hignam Hill, Walthamstow, London, E.I7. Tel: Larkswood 1118/9 
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MMT 


" ELEGTRo * 
METH a ., 


a Cor LTD 


HIGH CURRENT 
SERIES 


MINIATURE 
MOVING COIL 
SERIES 


NORMAL DUTY 
SERIES 


GATE OPERATED 
SERIES 


MINIATURE 
SERIES 


rPRECISTaN 


RELAYS 


PNEUMATIC 
equest: 
ELECTRO METHODS LTD., Genera! Products Division, CAXTON WAY, STEVENAGE, HERTS 
ELECTRONIC ENGINEERING 


TIME-DELAY 
SERIES 


Illustrated technical data sent on request 
Telephone: Stevenage 2110-7 
SEPTEMBER 1961 19 
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PRECISION WORKMANSHIP 


is the Keynote... 





0 TO 30 VOLTS D.C. 


AT 10 AMPS. FULLY REGULATED 


Output resistance: 0.01 ohm. 
Stabilisation: 1000 : | 
Ripple: ImV. peak to peak 
Mains Supply: 200/250 v. 50 c/s 
OVERLOAD CUT-OUT. 

FULLY FLOATING OUTPUT TERMINALS. 


SILICON AND GERMANIUM DEVICES USED 
THROUGHOUT. 


TRANSISTOR POWER SUPPLY OTHER TRANSISTOR 
TYPE KTV/310 POWER SUPPLIES AVAILABLE 





PULSE GENERATOR 


TYPE 302A 


GENERAL PURPOSE 
LABORATORY INSTRUMENT 


4 amp. peak current available in output 0 to 100 volts con- 
tinuously variable output. Fully Regulated Internal D.C. 
supplies. Rise Times of 0.015 uS. Low output impedance. 
Extremely smail jitter. 


SPECIFICATION: 


Oscillator frequency: 10 c/s to | Mc/s. Also available 
Delay: 0.3us. to lO ms. | 


eet eee ee LE PULSE GENERATOR 
Pulse amplitude: 0 to 30 volts into 75 ohms. DOUB 

(positive or negative) 0 to 100 volts into |,000 ohms. TRANSISTOR ANALYSER 
Square waves: 10 c/s to | Mc/s. STABILIZED POWER SUPPLIES 


The instrument can be synchronized or triggered from an 750 wh —” voltage giving eutput currents 


external source. 














For full information and descriptive literature on other LABORATORY TESTING EQUIPMENT 
call, write or phone 


KASAMA Ee ectronics LTp 


139-149 FONTHILL ROAD, FINSBURY PARK, LONDON, N.4 
Telephone: ARChway 6160 
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DuRAcias 


“* Duraglas” Glass - fibre Tapes 
have many applications within 
the electrical insulation field such 
as conductor insulation, coil 
wrappings, core bindings, mech- 
anical reinforcements, cable 
wrappings, and heat resistant 
protective coverings. 


PYROFLEX 

Regd. 
“ Pyroflex”’ Asbestos Listing 
Tape has been specially designed 
for the electrical industry. 
* Pyrofiex”’is manufactured from 
carefully selected and purified 
fibres, and is suitable for a wide 
range of electrical insulation 
applications. 
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p.t.f.e. 


p.t.f.e has exceptionally good 
di-electric properties, is non- 
tracking, non-flammable, 
resistant to moisture and totally 
unaffected by weathering con- 
ditions. As a result it has a wide 
application in the electrical in- 
dustry in the form of tape for 
the insulation of cables, motors 
and transfor mers. 


ui ey - RS. TAPES DESIGNED TO COVER ALL INSULATION REQUIREMENTS 


TURNER BROTHERS ASBESTOS CO LTD ROCHDALE ENGLAND 


A MEMBER OF THE TURNER & NEWALL ORGANISATION 





SEPTEMBER 1961 
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BRETT 


facilities... 


MORE 


production... 


“New Look” instruments and “‘New Look” re- 
sources aligned to give an exceptional product and 
a better delivery... these are some of the assets 
which SIFAM progressive expansion ofters discrim- 
inating instrument buyers, designers and engineers. 
A fresh creative approach, in tune with today’s 
design requirements, backed by a store of accum- 
ulated experience of nearly two generations are 
firmly behind these new instruments and the 
forward-looking policy which inspires them. 


| rm More and better instruments are 


on the way. Be sure to “y 4 in 
touch with your SIFAM Area 
Technical Representative. 


-.-. Skilled craftsmanship and a 
thirty year old Tradition of Excellence... 


SIFAM ELECTRICAL INSTRUMENT CO., LTD., WOODLAND ROAD, TORQUAY, DEVON. 
Torquay 63822/3/4 Telegrams: SIFAM TORQUAY 
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The Romans too 


had a word for it... 














As a matter of fact, they had three words for it. So have 
we, but they are not the same. To the Romans, PARVALUX 
meant “Light But Little”. To us, it means Fractional Horse- 
power Motors—and that is what it means to our numerous 
customers, organisations whose names are known the world 
over. And so, of course, the name PARVALUX is known all over 
the world, too. When we are asked to build a machine, 
years of skill and craftsmanship go into its construction. That is 
why intricate specifications never worry us. We also have a very 
extensive range of standard f.h.p. motors and gear units, with 
horsepowers varying from 1/300 to 1/5, yet even these can 
be modified to suit any customer's special requirements. 


if PARVALUX also meant “versatile”, we should not be at all surprised. 








Fractional Horse power Motors Sy. is 


PARVALUX ELECTRIC MOTORS LTD - WALLISDOWN RD - BOURNEMOUTH - HAMPSHIRE - Tel: Winton 4983/4 - Groms : Parvalux Bournemouth 
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CRAWFORD SPRING WORKS 


Ss. 


ROCHDALE 


NORMAN ROAD 
ROCHDALE TELEX 63178 


"GRAMS: 


“RECOIL” 


ROCHDALE 40415 


"PHONE: 


1961 


SEPTEMBER 


ENGINEERING 


ELECTRONIC 
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Haddon “STANDARD” Saturable Reactors— 
D ON Transductors operate from conventional A.C. line 
Voltages and provide a choice of D.C. Voltages for 
Control Windings. Selected from a wide range of 


STAN DARD individually designed and manufactured SPECIALS 
over past years, the HADDON STANDARD RANGE 


enable the discerning engineer to select STANDARD 


SATURABLE REACTORS = ‘ourmest specific application. 


416 standard single-phase designs cover the range 


TR AN. SD UCTORS tr dn Pag method of stepless control in 


both long-term economies and high performance 
standard. 


t () 


Technical literature containing the principles 
and applications of our wide range of Saturable MAGNETIC 
Reactors is available on request. AMPLIFIERS 
For use with Saturable 
Reactors Haddon manufacture 
a standard line of Magnetic 


D NY 2] Amplifiers. 
Operating from 200/250V 


50/60 c/s singie-phase supply, 
with input of 0-5 mA DC in 


HADDON TRANSFORMERS LIMITED 2000/8000 ohms. 


Victoria Park Industrial Estate, Field ‘ isli iddx. 
- | , Bas Bend, Ruliip, 100s Illustrated above is the 1000W 
elephone: Byron 9444-8 Telegrams: Hadtrans, Ruislip Magnetic Amplifier 
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Where 
Reliability 
Ore) bb eh A. 


THE 
NATIONAL-ELLIOTT 
803 COMPUTER 


‘ 
(5 2 


Painton 15-Way Heavy 
Duty Printed Circuit 
Connectors on one of 

the arithmetic logic 
boards of the National- 
Elliott 803 Computer. 


carries PAINTON 
PRINTED CIRCUIT 
CONNECTORS throughout 


The reliability of this compact 

and successful computer depends upon the 
reliability of the components from 

which it is built. Amongst these are 
Painton 15-Way Heavy Duty Printed 
Circuit Connectors. 


The high degree of reliability designed 

into this Painton component makes it the 

first choice of most engineers and designers 

concerned with high performance applications. 

Features include: 

* Standard 0.2” contact spacing. 

* Gold plated co:tacts. 

* Low and reliable contact resistance. 

* Moulded ribs provide extra strength and 
eliminate moisture traps. 

* Stainless Steel polarising guide pins. 

Full details on request: ask for leaflet PS/7. 


rir ; 


% - heey 4 bh Oa o~ reste ie J: ‘y F a e og 
A, OEE, Es a Dae bet 
cee” is “OAS . 


Painton 


& CO. LIMITED 


KINGSTHORPE 


- NORTHAMPTON 


Tel: 34251 (10 lines) Grams: ‘Ceil’ Northampton Telex : 31576 
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Vv 
Peak thrust 21b. 


Europe’s most complete range —————— 
of electro-mechanical } = {© 
VIBRATION GENERATORS 3908 - Peak thrust 171b. 


2/lb. to 18,000/b. thrust force 

















© 
Environmental testing at each saw © (0) 


stage of development- Wa 
simulating the severest field 
conditions of vibration- 

gives modern components and Lt 
equipment ‘built-in’ mechanical SJ 
and functional reliability. 
































8/600A Mk.11 
GOODMANS Peak thrust 
Vibration Exciters and ms 
Oscillator Power Amplifiers 
provide the means for 


790 
this analytical approach. 7) Peak — 


VG108 Mk.11 
Peak thrust 





















































Whatever the problem . . whether fatigue, 
torsional or structural investigation . . consult 


_o5 Ot OF 8)... ow. Oy F_) 


the vibration specialists 


Accredited Agents: HAWNT & CO. BIRMINGHAM 
FARNELL INSTRUMENTS LTD., WETHERBY, YORKS VG109 Mk.11 - Peak thrust 18,000Ib. 


A. R. BOLTON & CO., LTD. EDINBURGH 


GOODMANS INDUSTRIES LTD, AXIOM WORKS, WEMBLEY, MIDDLESEX, ENGLAND - Wembley 1200 (8 lines) - Cables: Goodaxiom, Wembley, England 
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Short of elbow room? 


al 
& ee re | 


TITITITITTTHITT TL 





3% in. of scale length in a 2 in. diameter dial. Accuracy to B.S.89. 


Available as moving-iron or moving-coil ammeters, voltmeters, frequency indicators and speed 
indicators; in moulded plastic or die-cast metal cases, or in sealed shockproof Admiralty-approved 
pattern. Moving-iron ammeters for motor starters can have up to six times overload scale. 


(rompton Parkinson miniature instRUMENTS 


CROMPTON PARKINSON LTD., CROMPTON HOUSE, ALDWYCH, LONDON, W.2. Ss 
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AGOOD ‘SCOPE, al 
faolet OF Vi: 





MODEL 381. Vertical amplifier bandwidth DC—9 me/s (-3dB) with 
rise time of .06 »Sec., and overshoot of less than 1%. Calibrated nine 
ELECTRONIC stage frequency compensated input attenuator. In addition all the facilities 
of a high class 3” general purpose oscilloscope. Unique mechanical 
EQUIPMENT construction with all panels removable for ease of maintenance. 


MANUFACTURERS Convection cooled. 
SEND FOR FULL TECHNICAL DETAILS 


At its price the best value obtainable in this country—perhaps in the world. 


£36 carriage paid 


a 
Ht fronic 3-7, WINDMILL LANE, LONDON, E.!5 


LIMITED 
Telephone: MARyland 6247 
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the ULTIMATE in radio 
frequency connectors.. . 


OVER 200 
TYPES AVAILABLE! 





 RANSRADIO itp 


138A CROMWELL ROAD LONDON SW7 Telephone: FREmantle 4421 (P.B.X.) 


To: 
TRANSRADIO LTD 138A CROMWELL ROAD LONDON SW7 
Please send Connector Catalogue to: 


NAME OF COMPANY 
ADDRESS 


| 
| 
| 
| 
i 
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K co-ax cables 
Airflex cables 


RG cables 
Minicables 


X ULTRA Low 


CAPACITANCE & ATTENUATION 


Lada: F/RIIMPE 0.0 
58 STOCK TYPES 3 1 
for your pee 
standard or special [ci [ss 7 iw 7 
applications aa 


ARISRA DIO .1roD 





To: 
TRANSRADIO LTD 138A CROMWELL ROAD 
Please send Cable Catalogue to: 


NAME OF COMPANY 


ADDRESS 
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A SUCCESSFUL LAUNCHING 


LAUNCHING OF THE NEW ELIZABETHAN LINE “GLORIANIANA” 
Lefttoright: A. Daley-Noggin (Director), The Hon. Percy Veeryng (Director), Lord Lumme(Chairman), H. H. The Ali Mhin-Yum, K.G.C.L, 
Lady Phyllis Glassup*, Field Marshal Earp, K.V.C.O., G.C.E.. Commander Ivan Astikoff (Naval Attache, Slobovia), D.d'I. Dick, O.B.LT. 
* (who was, of course, Miss Elsa Poppin before her brilliant marriage earlier this year to Lord Bung’s son, Toppis. ) 
Photo. “‘ Gates heads Chronicle” with thanks to Moss Bros 


“CONGRATULATIONS CHAIRMAN — 


ved apr extra £°25.006 by «using 


CONTINENTAL ALUMINIUM” 


appr 


wd quantity Juaranteed nex 


| fd 


indard Peciicat 


w. ROLLET coro. 
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IMPROVED PERFORMANCE 
COMPONENT ECONOMY 





+ ImA) 


ambient mean 
(mW) 


(mA) max. 


28301 High voltage type. 

28302 Low gain general 
purpose transistor. 

28303 Medium gain general 
purpose transistor 


Low gain general 
purpose transistor. 
Medium gain general 
purpose transistor, 
High gain general 
purpose transistor. 
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@ Lower leakage currents @ Wider range of pulse repetition @ Input impedance = 2MQ 


rates by simple variation of a potentiometer @ High pulse 
currents (100mA into 50Q) @ Low transistor dissipation and 
low overall power consumption @ Fast rise times @ Simple 


@ Output impedance = 1kQ 
@ Current drift for 25°C to 75°C temperature change = [pA 
(e.g. with 10kQ source resistance equivalent voltage drift at 


synchronisation of pulses @ Simple control of phase shift 
between output pulses and sync. pulses @ Operation up to 
80°C-and down to — 50°C 

Applications include : 
Controlled Rectitiers 


veneralors 


the input terminals = 100mV = 2mV/°C) 


@ WRITE TODAY FOR FULL DETAILS 
of circuit applications and data sheets for all 
Texas semiconductor devices 


Timing circuits — Trigger circuits for Silicon 
Vartable mark/space ratio generators — Pulse 





RELIABILITY, VERSATILITY—TEXAS SERVICE IN SEMICONDUCTORS 


LiMivtTteEobD 


TEXAS J op INSTRUMENTS 


MANTON LANE 
BEDFORD 67466 - CABLES: TEXINLIM, BEDFORD 
310/A2 


BEDFORD - ENGLAND 
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starting something? 


starting something? . . . like a project where you 


could use progressive Design facilities . . . or where, without capital expenditure 
you could supplement your own resources with additional 
Production of a specialised nature. 


Perhaps it’s a job for The Pickering Group of Companies. 
For here the traditional engineering skills of almost a hundred years 

of history are merged with the advanced techniques of the Twentieth Century 
techniques in the application of High Vacuum principles to Industrial problems 
the provision of Complete Off-Shore Oil Drilling Equipment—the production of 
Metal Evaporation Units—the fabrication of Engine Bedplates, Gearboxes, 
Cranes and Tanks—and the building of High Vacuum Chambers for 
Metal Coating, Decorative Finishes and Optical Blooming. 
Even in the High Vacuum aspects of Space Research, The Pickering Group 
has something to offer! 
On a contract or sub-contract basis, The Pickering Group of Companies is 


daily providing a valuable service to many diversified industries. 
A Technical Consultant Service is available and your enquiries are invited. 








HIGH VACUUM EQUIPMENT 
For Decorative finishes and 
Optical coating. 


IONIZATION CHAMBERS 
HIGH VACUUM GAUGE UNITS 


HIGH VACUUM VALVES AND 
ACCESSORIES 


MASS SPECTROMETER 
LEAK DETECTORS 


IMPREGNATION & 
ENCAPSULATION EQUIPMENT 


HIGH VACUUM FURNACES 
For Meiting and Sintering 


CONTROLLED ATMOSPHERIC 
WELDING EQUIPMENT 


FREEZE DRYING AND 
DEHYDRATION PLANT 


DIFFUSION PUMPS 


ALPHA RAY IONIZATION 
GAUGE CONTROLS 








THE PICKERING GROUP OF COMPANIES 


Steel Fabrications - Stern Frames - Engine Bedplates - 
Gearboxes - Crane Structures - Tank Work - Equipment 
for the Oil Industry. 


R. Y. PICKERING & CO. LTD. 


VACUUM INDUSTRIAL 
High Vacuum Equipment - Melting and Sintering Fur- 
APPLICATI O NS LTD. naces - Metal Evaporation Units - Vacuum Casting Plant 


DANIEL VARNEY Seek Control Equipment, etc., etc. 
WOODFIELD PICKERING LTD. 


NETHERTON ROAD - WISHAW * LANARKSHIRE * SCOTLAND 


TELEPHONE: WISHAW 2/42 TELEGRAMS: PICKERING, WISHAW 


Scientific Instruments 


Complete Off-Shore Oil Drilling Equipment 
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AVAILABLE NOW IN PRODUCTION QUANTITIES 
18111 Series 18120 Series 


High Power Silicon Rectifiers Silicon Signal Diodes 
400mA - 600V 200mA - 150V 


18914 Series 187000 Series 


Diffused Silicon Mesa Computer Diodes Silicon Voltage Reference Diodes 
4musec - 75mA - 75V 3-3V-15V - 400mV 


@ Suitable for automatic assembly on printed circuits because @ Low junction temperatures are maintained by molybdenum 
of standard size and shape, and magnetic leads. heat sinks which give high heat dissipation and therefore high 
@ Special Texas MOLY/G* molybdenum-to-hard-glass seal thermal capacity. 
gives resistance to severe mechanical shock. @ Matched coefficients of thermal expansion of molybdenum 
@ Long leakage path makes the devices particularly suitable and hard glass envelope eliminate differential heat strain. 
for equipment used in industrial conditions and at high @ The only range of devices of their kind in mass producton in 
altitudes. this country —now. 


Mair INE SIZE. > 
OF A 














SIZE 





INSTRUMENTS 


LIMITED 
MANTON LANE - BEDFORD - ENGLAND 
BEOFORD 67466 - CABLES: TEXINLIM, BEDFORD 





SINGLE PHASE HALF WAVE 





CODE 


PIV. 


per 
arm 


MAX.* 
R.M.S. 
input 
voltage 


MAX.* D.C. 


output 
voltage 
volts 


D.C. output 
current 
at 25°C.t 
amps. 


volts 
1H1B - 1N537 100 70 31 2.5 
1H1B - 1N538 200 140 62 2.5 
1H1B - 1N540 400 280 2.5 
2H1B - 1N540 800 560 250 2.5 
3H1B - 1N540 | 1200 840 2.5 
4H1B - 1N540 | 1600 500 2.5 
5H1B - 1N540 | 2000 2.5 
6H1B - 1N540 750 2.5 
8H1B - 1N540 1000 2.5 
10H1B - 1N540 2.5 
12H1B - 1N540 1500 2.5 


SINGLE PHASE BRIDGE 


1B1B - 1N537 
1B1B - 1N538 
1B1B - 1N540 
2B1B - 1N540 
3B1B - 1N540 


THREE PHASE BRIDGE 


1T1B - 1N537 100 70 93 6.7 
1T1B - 1N538 200 188 6.7 
1T1B - 1N540 400 200 6.7 
2T1B - 1N540 800 560 750 6.7 
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Listed stacks are for 2” x 2” cooling fins. A similar range is available using 1}” x 1}” fins at 65% 
of the above current ratings. For Code No. use ‘A’ instead of ‘B’ e.g. 1H1A - 1N537 


* The above stated R.M.S. input is permissible only when all transients are known to be filtered out or suppressed 
to a maximum not to exceed the P.I.V. rating. 


+ For 60° ambient derate by 20%. 
All ratings given for Resistive/Inductive load. Request Bulletin SR 2007 


SILICON RECTIFIER STACKS. 
INTERNATIONAL RECTIFIER COMPANY 


(GREAT BRITAIN) LIMITED - OXTED = SURREY ~- Oxted 3215 


Associate Company of International Rectifier Corporation, U.S.A. and The Metal Industries Group, Great Britain. 





EE 37 041 for further details 


specify 


silicon 
p-n 
junction 





Capacitors 


Made in Glenrothes, Scotland, Hughes voltage controlled 
capacitors are p-n junctions formed in single-crystal silicon by 
techniques used in the manufacture of Hughes semiconductor 
diodes. They are hermetically sealed in the single-piece 
fused-glass package, developed by Hughes and utilised with 
success in millions of critical circuits. Their operation depends 
on the density of charge carriers; as the reverse voltage 
increases the region of charge carrier gets wider and in effect 
moves the two conducting areas apart and thereby decreases 
the capacitance. 

The advantages are tremendous. Precise non-mechanical 
push-button tuning for pocket radios, more home installations 
with push-button control in every room, and car radios with 
simple, precise tuning. 


Typical of the fleBbility of design 

made possible ughes capaci- 

tors, this i/l@stf¥@ion shows car 
radio controls unted into the a 
Silicon capacitors can also be used to vary the pulse width in steering wheeleipn idea wi 


free-running and monostable multivibrators and blocking rep) enten palin j Gent in 
oscillators. Other applications include RC oscillators, phase convenieate as afety 


and frequency modulators, electronically controlled filters, ; 
frequency multipliers, function generators and Many radar 
applications. % 


Hog, 
te 


Specification Typical Performance 





Capacitance | Maximum ET Y QO at 5Mc's Q at SOMce's 
Type E.L.A. at -4V DC DC poy. we wil and max. and max. 

equivalent (4.20%) Voltage valane voltage voltage 
HC7001 1N9SO SpF 130V 6 to 88pF 360 39 Qualifies sagineare 
in our Research and 
HC7002 IN9S5] SOpF 12 to 120pF 330 36 Development 
laboratories at 
Glenrothes are 
HC7005 1N9S3 , 46 to 240pF 200 : available to help with 
your application 
HC7006 IN954 35pk / 14to 88pF 175 problems. 





HC7004 IN952 ’ 20 to 170pF 270 


HC7007 IN9S5S SOpF / 22 to 120pF 175 




















HC7008 IN956 70pF 32 to 170pF 175 oe 
ize 





Home and Overseas enquiries to: 


HUGHES INTERNATIONAL (U.K.) LTD 


‘anise es sei iste: seca tes Hamam oie: elas 4am’ ase sees eis ile aie, lean 


KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDOLESEX .- HOUNSLOW 5222 
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ICI 
VACUUM CAST 
Ot ©) ad ad 9 a 





ICI vacuum melted and cast copper is now available in commercial Availability 
quantities for high vacuum electronic and electrical equipment, STRIP 
r —up to 8 in. wide, standard range of length 
such as valves, magnetrons, klystrons. Seton 
NOTE THESE POINTS: SHEET 
volatile impurities lower than in oxygen free H.C. copper —up to ? in. thick, standard range of length 
d width 
gas content no more than 1/§ or 1/10 that of oxygen free H.C. copper a ceeiiien 
electrical conductivity 1o1-102°%%, I.A.C.S. =p 00 4 ta. Ge. sound, 3 in. squme or 
mechanical properties and hardness equal to oxygen free H.C. copper 3 in. hexagon 


Full details from your nearest ICI Sales Office 
IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1. 


METALS . 
DIVISION 





c aab 
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STAR FINISH 
STROKE 


NSF LTD 


"THE SWITCH PEOPLE” 


WORKS: KEIGHLEY + YORKS 
Sales Office: 31-32 ALFRED PLACE 
LONDON W.C.1:Tel: LANgham 9561 


A MEMBER OF THE Se GROUP OF COMPANIES 


PRODUCTS OF 
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For problems of torque transmission in 
minimum space, Crofts now have the answer 
with a new magnetic clutch no bigger than a 
threepenny bit. 

This new addition to the range of Crofts 
magnetic instrument clutches will have 
innumerable applications in the fields 

of instrumentation, electronics and nucleonics. 


It is one more instance of Crofts’ 





perennial leadership in power transmission 
of all magnitudes. 
Send for PUBLICATION No. 6013A. 


CROFTS . . . the vital link between power and production. 


CROFTS (ENGINEERS) LIMITED 


POWER TRANSMISSION ENGINEERS 
THORNBURY BRADFORD 3 YORKSHIRE 


Telephone: 6525! (20 lines). Telegrams: ‘Crofters Bradford Telex’. Telex: 51186. 

Branch Offices .. .BELFAST, BIRMINGHAM, BRISTOL, CARDIFF, DUBLIN, GLASGOW, 
IPSWICH, LEEDS, LIVERPOOL, LONDON, MANCHESTER, NEWCASTLE, 
NORTHAMPTON, NOTTINGHAM, SHEFFIELD, STOKE-ON-TRENT. 
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The “Safetymaster” 
Pewer Tool made 

by Wolf Electric Tools 
Lid., is an excellent 
example of modern 
power tool design. 
The cutaway section 
indicates the ingenious 
application of Beetle 
DMC material for 
double insulation. 


BEETLE“ 


B.1.P. CHEMICALS LIMITED 
London Office: Haymarket 


ELECTRONIC ENGINEERING 











Beetle Polyester DMC is used by Wolf Electric 
Tools Ltd., for double insulating their Safetymaster 
Power Tool. Mouldings in Beetle DMC have excellent 
anti-track and electrical insulation properties, good 
heat resistance and high mechanical strength. 
Compatibility with metals and dimensional stability are 
really outstanding for thermosetting materials. Beetle DMC 
is a fast-curing compound and can be moulded in 
conventional compression and transfer presses. 


Write for technical leaflets. 


dough moulding Compound 


Oldbury, Birmingham. 'Fhone BROadweli 2061 Telex: 33-347 
House, 28 Haymarket, S.W.1. "Phone TRAfaigar 3121 
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LOW POWER 
SILICON DIODES 


S1AR2 — Si8AR2 
Up to 1100 mA and 1800 volts p.i.v. 





SIZE - Body length 7/16 in. (11:5 mm) 
Body diameter 3/8 in. (9°5 mm) 





RESISTIVE onc Aporeve toap | | Maximum peak surge current- 35 amperes. 


—EEE ———E 





Maximum peak recurrent forward current- 
4 peak reverse volts 10 amperes. 





00 -BOO peak reverse volts 
peak reverse volts ~ 


pure a l Maximum peak reverse current at crest 
1500 peak reverse voits working voltage and 125 C case 
ee temperature - 2mA 





MEAN FORWARD CURRENT - mA 


Typical capacitance at — 1 voit- 150 pF 





Maximum recommended case 
temperature - 125 C 





— 
Other types with /ower reverse currents and higher 


AMBIENT TEMPERATURE - °C 
forward currents are also avai/lab/e. 





Please write for full details to 
DEPT. EE.9S RECTIFIER DIVISION, UNITS SECTION 


WESTINGHOUSE BRAKE AND SIGNAL CO.,LTD. 
82 York Way, King’s Cross, London, NI Tel: TERminus 6432 
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Only Trangitron offers 


Low leo 
ai hotel, Bag. 7.¥, b-1h-e gel. s— High Temperature Reliability 


FEATURES Mechanical Ruggedness 
Broad Power Range 
Extreme Compactness 


@ 
SMALL SIGNAL INTERMEDIATE POWER 


HIGH FREQUENCY (TO-18) INTERMEDIATE POWER STUD-MOUNTED 
Maximum Minimum 
Power Maximum oc Typical 
Dissipation Collector Common Co lector 
at 100°C Voltage Emitter Saturation 
Case Vv Current Resistance 
(watts) (volts) Gain, 8 (ohms a amps) 
15. @ 500mA 18@ 
. @ 500mA 18 @ 


'. 
| 
- @ 500mA 18@ i. 
! 
| 





2N754 


. @ 500mA 18@ 


2n755 

2N842 

2N843 
- @ 500mA 3.0 @ 

2NB44 

2N845 


SILICON CONTROLLED RECTIFIER 


| roma Peak - 
ej, 2 TRANSITRON continues to offer the sou xem aoa Pony Pack- 
) M Forward 
‘. | broadest line of Silicon Controlled Recti- Sreameeey Voltage at 25°C case at 100°C case Confi- 
4 : i A Type (volts) uration 
fiers in the industry. Available in five 
different and versatile packages, these rensese on. 2. ; mre 
rugged devices offer greater reliability and TCR3020 300. 3; an 
efficiency while replacing thyratrons, magnetic amplifiers, ToRs020 


and other switching devices in many varied applications. TCRIOIO 


TCR1020 100. 20. , Vig” hex 


400 ” hex 
100 5.0 ” hex 

TCR2010 200 5.0 16” hex 

TCR3010 300. ' 5.0 hex 
NEW 50 amp TYPE TCR4010 400 5.0 * hex 
TCR1005 100 5.0 3.0 ” hex 
TCR2005 200 5.0 3.0 * hex 
TCR3005 300. 5.0 3.0 ng” hex 
TCR4005 400. 5.0 3.0 * hex 
2N 1600 50. 3.0 3.0° ~ hex 
21601 100. 3.0 3.0° - hex 


... A three-terminal, four-layer device 
designed to control very large load cur- 
rents with small gate current signals. 


Sttetenem Peak 2N1602 200. 3.0 3.0° - hex 
wee: eet t 261603 3.0 3.0° * hex 
Curren 


2N1604 , 3.0 3.0° Ae” hex 

261595 50. 0.6** 1.0° 

2N 1596 : 0.6** 1.0* 

21597 ' 0.6** 1.0* 

2N1598 , 0.6°* 1.0* 

2N1599 i 0.6** 1.0* 
*At8O0Ccase ** At 25°C ambient 


and 
Minimum Forward orward 
Vv at 90°C case Package 
( ) Configuration 
i is hex 
16" hex 
1g" hex 
“6” hex 
Me" hex 





tomorrow’s solutions today! 


MICRO-COMPONENTS 


Significant developments by Transitron in 
all-glass packaging have made possible the 
addition of new major components to what is 
already the broadest line of silicon micromini- 
ature devices in the industry today... 
With the introduction of all-glass packaging, Transitron now has 
been able to achieve TRUE hermetic sealing for its entire line of 
silicon microcomponents! ... All units are completely compatible 
with present circuitry... All provide the same excellent perform- 
ance as larger Transitron devices in '/sth to ‘oth the space. 


MICRO ZENER DIODES 
(SPECIFICATIONS AT 25°C) 

Typical 

Forward 


Maximum Maximum 


—— Dynamic Inverse Current PY wy 
oltage Current Resistance @ E,= —I Volt @ A 
(volts) (mA) (ohms) (uA) (volts) 
5.1 1.0 0.75 
5.6 1.0 0.75 
6.2 1.0 0.75 
6.8 1.0 0.75 
7.5 0.1 0.75 
82 0.1 0.75 
9.1 0.1 0.75 
10.0 0.1 0.75 
11.0 0.1 0.75 
12.0 0.1 0.75 


*Voltage Tolerance - 10°.. For + 5°, Voltage 
Tolerance use ‘‘A”’ suffix (i.e. TMD-O1A) 


vowGgwgwrkredGééé‘‘ewv7#w w 


ow 


FAST SWITCHING 
Maximum 
Maximum 
Maximum 
Recovery 
a Time 
(volts) (usec) 
50 0.3 
100 0.3 


200 0.3 


VERY FAST SWITCHING 
60 20 


SILICON AND GERMANIUM DIODES. 


High forward conductance 
High voltage ratings 

Fast switching time 

Lew shunt capacitance 
Subminiature size 


SAMPLES OF THE WIDE RANGE CURRENTLY 
AVAILABLE: 


IN914 and IN916 SILICON COMPUTER TYPES 
Maximum 
Maximum Maximum 
Recovery 
Time at 0 Volts 
(msec) (umf) 
ingi4é : ; 48 48 


INSI6 75.8 75.0 4.0 2.0 


IN695A GERMANIUM COMPUTER TYPE 
(At 25°C except where otherwise indicated) N695A 


Maximum Forward Voltage Drop 
(volts @ mA) 


Maximum inverse Current 
GA @ volts) 


Maximum inverse Pulse Recovery 
Using JAN 256 Circutt 
(Recovering to 200 .A) 


*At 70°C 


SPECIAL PRODUCTS 


In addition to a wide range of components, 
Transitron also offers Special Products and 
Devices to meet your requirements. We wel- 
come inquiries and offer engineering advice 


on your particular needs. 


for further information please write to: 


TRANSISTORS: DIODES: RECTIFIERS +>: SWITCHES + REGULATORS: REFERENCES 


a Telittiine 


7 i oth at ao ia lo 


i: Time), Bole) l-) weep €:) ilelc) a ler lew Mel, jelel, BY.) 


Telephone EALing 8042 


limited 
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the Connectors with 
the plus factor 


2 2 2 2 





na a. | © 
yy) 


ANOTHER A-MP “ FIRST” 


It is now possible to apply A-MP solderless 
plug and socket contacts with an automatic 
machine at rates of above 1,000 per hour 
and then insert them into the mouldings. 
Thus the AMP proved technique of solder- 
less, precision controlled compression 
crimp connection is extended to a new field 
plug and socket connectors. Apart from the 
automatic machine, a full range of hand and 
power assisted tools are available for 
crimping 


Controlled contact pressure 

Fully floating contacts for exact alignment 
No post-insulation required 
Contacts easily extractable and 
changeable 

Low millivolt drop 

High current and temperature ratings 
Connectors of 14, 20, 21, 26, 34, 41, 50, 75 and 
104 ways 

Range of accessories includes shields, 
cables, clamps, guide pins and sockets 
Complete crimp tooling equipment for all 
production levels hand operated, pneu- 
matic powered or completely automatic. 


PLUS AMP precision controlled com- 
pression crimp technique. 


inter- 





AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD 


Head Office: Dept.14 AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.1 
Tel: CHAncery 2902 (7 lines) Telex: 23513 Cables: AMPLO LONDON TELEX 


TRADE MARK 


%& Trade Mark of 
A-MP incorporated U.S.A. 


SOUTH AFRICA: DISTRIBUTOR: E. S. MOWAT & SONS (PTY) LTD. 51-57, MILNE STREET P.O BOX 437 DURBAN, NATAL, SOUTH AFRICA 
ASSOCIATED COMPANIES IN: U.S.A., AUSTRALIA, CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN, AND MEXICO 
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TRANSISTORS 





To} olali-yacer- bale) a 
at 

low 

cost 





2N337 | 2N338 





im 44107.) 5 





POWER DISSIPATION 

al UT RS ARI COLLECTOR TO BASE VOLTAGE 
CUT-OFF FREQUENCY 
COLLECTOR CURRENT 
CURRENT GAIN SPREAD 








Full data sheets and prices available from : 












M.C.P. MA Station Wharf Works 
Electronics <P; _Metrto 
bs. iddiesex 


Limited Telephone WEMbiey 1191 





[THOMSON — -)WOUSTON 


DEPARTEMENT SEMICONDUCTEURS 
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soidon 
LuXolL! 7 


LUXOL INDUSTRIAL FINISHES are specially 
formulated to give maximum sales-appeal 
and years of resistance to hard wear. 

Covering the widest possible range of 
products, the standard range of 21 Luxol 
Finishes will provide the perfect answer to 


your problem. 





For sales appeal from start to finish 


I ; 
LuXo L If you have a really out-of-the-ordinary painting 


problem consult our Technical Advisory Service. 


f 
INDUSTRIAL FINISHES lf necessary they will prepare a special paint to 


meet your requirements exactly. 











BRITISH PAINTS LIMITED I/ndustrial Finishes Division 
PORTLAND ROAD, NEWCASTLE UPON TYNE, 2 
NORTHUMBERLAND HOUSE, 303-306 HIGH HOLBORN, LONDON, W.C.1 
- MERSEY PAINT WORKS, WAPPING, LIVERPOOL 
Belfast - Birmingham - Bristol - Cardiff - Glasgow - Leeds - Manchester « Norwich « Plymouth « Sheffield - Southampton - Swansea and all principal towns, 
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THE SIMPLE TO BUILD 
INSTRUMENT CABINET 
CONSTRUCTION SYSTEM 


Provisional Patent No. 39574/58 


Yet another addition to the [Datu | 
range of products 


DAKIT ADDS SIMPLICITY 
TO VERSATILITY 


The Dakit method of cabinet construction is the simplest and most 








efficient of its type yet devised. It enables a wide variety of cabinet 








shapes and sizes to be built up to your own requirements — quickly 
and easily. A range of cutting jigs is available, and with a hacksaw and 
spanner are the only other tools required. The extruded sections are 


securely clamped in position by a single nut corner fixing, providing 


a strong, rigid construction. The finished cabinets are most attractive, 
and where not required for permanent installation may be rapidly 
dismantled ready for other uses. A trial kit of parts is available — 
send for full details today. 


er 

















Die-cast corner piece giving clean, 
smooth appearance. 


Aluminium extruded sections supplied in | 
6 ft. lengths and easily cut to size. 


Single nut fixing for quick construction. 


CABINETS - CASES - CONSOLES - CHASSIS UNITS 


DATUM METAL PRODUCTS LTD. | Wirt: ee rei 


COLNE WAY TRADING ESTATE + WATFORD-BY-PASS - WATFORD - HERTS 
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Type L-5 


> Tester 


EXPANDED SCALE YEW Type L-5 has a long and electri- Roted Voltoge ead Effective 
Roted Resistance tit Measuring Range 


cally expanded scale which covers 5 decades of resistance ere A See seas 
QUICK RESPONSE The quick response of Type L-5 will 100V 20M 2) | 0~@Q) ead poe yond oe . 
help you read the thsulation resistance instantly. eeR ik ae : O.0IM 
SILENT GENERATOR The rotary magnet type generator - _ : : 200M 


turns extremely smooth and silent because of its excellent 6 500 100M Q : yan 0.1~100MQ 
dynamic balance ‘ — -_ 
. aa ee ee , Seon . ss 0.1M ; 
CORE MAGNET SYSTEM INDICATOR The indicator S00V | 1,000M () , : 5.000M 1~!,000M Q 





0.02~20M Q 
0.05~50M Q 


employs a core magnet system in which the yoke acts as : . 05M 


1,000V 2,000M 10,000M 


: ?~? oO 
a self-shield to minimize the external field influence 2~2,000M Q 


GOOD DESIGN YEW Type L-S5 has a graceful appearance ¢ 2,000V 5,000M Q scamane 5~5,000M Q 
with gray colored aluminum case with a wide window . 





= a ; 


Portoble Instrument Ponel instrument Wheostone Bridge Earth Resistance Tester All-Electronic 


Recording Controller 
—_ 


; — 


Aa NOTRE Same Sete . 
ones 


TTTTeeE EE 
eeeeeea SERRE 


F 


©: A 


Economic Lood Dispotch Compyter Centro! Control Stotion of Chemicol Plont All-Electronic A.C. Network Anolyzer 


YOKOGAWA ELECTRIC WORKS, LTD. [YEW] s2cs0-- 


Heod Office 3,000 Kichijoji, Musoshino-shi, Tokyo, Jopon New York Office YOKOGAWA ELECTRIC WORKS, INC.; 40 Worth St., New York, N.Y. 
U. K. Soles Agents for insulotion Testers: THE ELECTRICAL INSTRUMENT CO., LTO.; Boswell Squore, industrio! Estote, Hillington, Glasgow, S.W. 2 
Sole Distributor in Austrolic: FOXALL INSTRUMENTS PTY. LTD, 1213-1217 High Street, Armodole, $.£. 3, Melbourne 

Sole Distributor in Toiwon: YUNG HO COMPANY, LTD., 36 Kwon Chen Road, Toipei, Taiwon 


‘ 
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Resistors - Rheostats 
Gontrol Units 22": 


FROM LOADS OF 


and Heaters £°2°” 
ee S 20,000 KILOWATTS 


‘ , ide > ~, ; - ari - , . . 

were aoe org a Mg “ger cs Te *Torostats” toroidally wound vitreous enamelled poten- 
—— ormer. eae emcee 6 se AN. tiometer rheostats. Wound on a ceramic ring fused to 
voltages rom zero to 20’ In excess Of supply. very substantial ceramic base. 25 watts to 150 watts. 


: : : A.@ Voltage Stabilisers incorporating electronic detector 
Slider rheostats and potentiometers permit the finest systems. 200-250 volts input maintained at pre-set 
variation in current or voltage. Front or back of panel, controlled output between 220-240 volts. Response time 
open or enclosed, and motor driven models. 1 volt/sec. and 15 volts/sec. Enquiri_s to West Hartlepool. 


[oJexcamet] Teressail| 


THE CRESSALL MANUFACTURING COMPANY LIMITED - 59 CHESTON ROAD - BIRMINGHAM 7 - TEL: EAST 3571 
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For NEWMARKET TRAN 


a member of the PYE group of companies 











Continuous mesh belt conveyor 
furnace alloying germanium 

in the manufacture of 
Newmarket transistors. 
Maximum temperature ; 1000°C, 
14” belt travels at 0—12” 


per minute. 


! 
. 
0 
Ww 
We 
0) 
W 
C 
> 
e) 
& 


The cost of a specially designed 
furnace is no more than for standard 
plant. Judge for yourself— 

For your next furnace get a quotation 


from Royce. 


ROYCE ELECTRIC FURNACES LIMITED 


ALBERT DRIVE - SHEERWATER - WOKING - SURREY 
Telephone Woking 5401-4 
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B. & R. testing of relays goes on 24 hours a 
day, every working day; even when the 
factory is closed the testing goes on. 

There are two basic reasons. One, that we 
want to be absolutely certain that our relays 
will have the life we say they will. And two, 
that they will do the specific things you want 
them to do—without fail—without doubt. 

In fact if we might make a point, what B. & R. 
stand for is reliability. 


& RELAYS 


LImMiTrTeod 


TEMPLE FIELDS - HARLOW « ESSEX Telephone : Harlow 25231/4 


Member of the Gas Purification Group 


SEPTEMBER 1961 


MINIATURE D.C. RELAY TYPE B.14 
2 ’. relay lends 
ications where 


imum coll 
imum 
inal 
The relay wil 
CONTACT I 
One make wreak 
D54x Silver Cadm 
CONTACT RATING (RESISTIVE 
l amp 250 VAC. 3 amps 36 VDC. 4 amps 12 VD¢ 
D OF OPERATION 
15 m/s at 100 mw 


WEIGHT 1 our 


eeeeeeeeeeeeeoeeeeeeeeeeee 
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The second illustration shows a typical 
Kent instrument panel forming the basis 
of a composite automatic control 
scheme. When remote indication is 
required for the Kent R SC. rotary shunt 
totalizing steam meter, "ZENITH fixed 
ratio transformers are used to provide 
the power for an additional integrator 
A similar supply source is used for water, 
air and gas. 


Reliability in the smallest of components 
is essential to smooth and safe working 
This quality is built into our transformers 
which are available up to 35 kVA, both 
single and three-phase, types A.N. and 
O.N. Our experience is at your service 
when the difficult single application 
causes cogitation. 





*Registered Trade Mark 





Stations 


THE ZENITH ELECTRIC COMPANY LIMITED 
ZENITH WORKS + VILLIERS ROAD + WILLESDEN GREEN + LONDON N.W.2 
Telephone: WILLESDEN 6581/5 Telegrams: “VOLTAOHM, NORPHONE, LONDON’ 
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WE ARE PROUD OF OUR 
ASSOCIATION WITH 

THESE FAMOUS CONCERNS = 
BRISTOL SIDDELEY ENGINES LTD | From Desig n—to 
CARBODIES LTD 
JOHN CURRAN LTD 
DAIMLER COMPANY LTD 
The DAVID BROWN Companies 
FORD MOTOR COMPANY LTD 
JAGUAR CARS LTD 





THE PLESSEY CO LTD 
ROVER COLTD 











We shuyoe the things Jo come 4 


to Production work 


in Sheet Metal and full Panel Assemblies 


oS aa a megane 6 
itty sen ooh at ee 
eas thas aes pees 


The Abbey Panel 
& Sheet Metal Co. Ltd. 


Aj.0. A.R.B. AND C.1.A. APPROVED 





BAYTON ROAD : - NR. COVENTRY <= Tel: BEDWORTH 2078 P.8.% 
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WIDEST RANGE... 


.. . Fastest service 


Virtually every type and value of resistor available can be supplied 
immediately—ex-stock—by The Radio Resistor Co. Ltd. 

High stability, solid carbon, cracked carbon, wirewound, precision 
metal oxide, epoxy resin resistors. Miniature and sub-miniature 
potentiometers. All are described in the illustrated stock book and 


price list issued free every alternate month on application. 





CARBON watts | OHMS cE | TOLERANCES 





Solid Yo—h 10—I10M 5% 10% 20% 
| and 2 
Cracked V4g—I 1Q2—10M 5% and 10% 
V. High Resistance 14—3 50M —10!3 5% —25% 
*High Stability Yo—2 1—50M 05% 1% 2% 5% 
High Stability 
encapsulated in 
Epoxy Resin 14, Yr, | 10022—4.7M oo 2% 5% 
Metal Oxide Precision —2 100—4-2M 1% 2% 5% 


WIREWOUND 


8. Vitreous 1—500 1—+50K 1% 2% 5% 
3. Cemented %—I15 I—25K 5% and 10°, 























*The ubiquitous blue (1°) grey (2%,) “HISTABS” 


@23-34 3°) 























E RADIO RESISTOR CO. LTD. 


9-11 PALMERSTON ROAD, WEALDSTONE, HARROW, MIDDX. Tel: HARrow 6347 
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INSTRUMENTATION 
INFORMATION SERVICE 


ANN] UIMIPROW 


\ 
RELAY 1 
i 
FOR OUT-OF-STEP PROTECTION Pi 
OF SYNCHRONOUS MOTORS 4 


ithe, 















































Based on a well-proved design which has 
been in service for a number of years, the 
type FOS relay embodies new features 
which render a standard relay suitable 
for the out-of-step production of any 
type of synchronous motor operating 


at normal power frequencies. 


Full specification for type FOS relay is given in 
Publication 2219-1, available on request to 

AEI Instrumentation Division, 

Instrument and Meter Department, 

Trafford Park, Manchester 17. 


instrumentation Division 
Associated Electrical industries Limited 


ALSO: SINGLE AND POLYPHASE KWH METERS, RELAYS AND PROTECTIVE SYSTEMS, AC AND OC INDICATING INSTRUMENTS 
sc/1as 
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SILICONE 
ROUND-UP 





MS Silicones are everywhere in electronics. Their virtuosity is 
based on three outstanding characteristics : EXCELLENT DIELECTRIC 
PROPERTIES, HEAT RESISTANCE and WATER REPELLENCY. 

Silicone Glass Laminates . . . with high arc resistance and 
consistently low dielectric losses . . . Cold-Cure Silastomer . . . 
a liquid silicone rubber that sets at room temperature, encap- 
sulates, seals and fills voids, serviceable from —30°C to + 250°C 
... Silicone Insulating Sleeving designed for continuous operation 
up to 180°C . . . Silicone Resins for resistor coatings that are hard, 
heat-resistant and water repellent . . . and there’s MS 4, a non- 
melting grease, excellent dielectric, highly water repellent, a 
preservative for rubber and plastics . . . ALL VERSATILE MS 
sILicones for reliability and long operational life—in all types of 
electronic equipment. 

MS Technical Service Department exists to advise you on 
problems that silicones might help to solve. Consult our team of 
experts who have a real understanding of the application of 
silicones in industry based on ten years of experience. 

Write for detailed information on any one of the products 
mentioned here or for our new, illustrated booklet “*Silicones in 
Electronics” (A 13) 
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MS were first in the field of British silicones. and 
this experience is reflected in every MS product 


Ms) 


MIDLAND SILICONES LTD 


Associated with Albright & Wilson Ltd and Dow Corning Corporation 


first in British Silicones 


68 KNIGHTSBRIDGE - LONDON - SW1 
TELEPHONE : KNIGHTSBRIDGE 7801 


Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester 


P MSE I9 
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Agents in many countries 
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3” Flat Faced PDA Tube 

designed especially for the Serviscope. 

Full 5 cms. X and Y deflection. 

New High Gain 

D.C. Coupled Amplifier 

Dual Range |. D.C. — 7-5Mc/s 100mVicm. 
2. D.C. 200 Kc/s 10mV/cm. The ampli- 
fier is completely free from drift and has 
equal D.C. and A.C. gain. 


New D.C. Coupled Flyback 


Blanking System. 


* “Serviscope’ is the registered trade mark of 


1961 


Telequipment Limited, 313 Chase Road, Southgate, London, N.14 Fox 
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SERVISCOPE. 


The introduction of the first 
Serviscope $31 set a new 
standard in small portable 
oscilloscopes. Now with the 
model $32 replacing the $31, 
the Serviscope again reaches far 
out beyond all competition. 
This successor to the $31 
retains all the features of the 
earlier model including the 
same compact dimensions, 
calibrated attenuator and time 
base and unique triggering 
facilities, but has five immense 
improvements : 


@ PDA tube operating at 3.5 KV 

@ Maximumsensitivity now |OmV/cm 
@ Bandwidth increased to 7.5 Mc/s 
@ Complete suppression of re-trace 

@ {10v or 200/250v operation 





Accurate Calibrated Input Attenuator 

gives direct reading of A.C. or D.C. input voltages from 1omV/cm, D.C. 
200 Kc/s, 1oomV/cm to 50V/cm D.C.—7.§ Mc/s 

Wide Range Calibrated Time Base 

has 18 pre-set sweep speeds from I usec/cm to 4 
X Expansion Control 

gives over IO diameters expansion equivalent of a trace length of over 50 cm 
Versatile Triggering Circuit gives two modes of triggering : 

1 Automatic Synchronisation. For most applications simply switch to Auto 
and the Time Base locks automatically to any frequency between a few cycles and 
1 Me!/s at any input level. 

2 Selective Triggering. Enables the Time Base to be triggered from any selected 
point on the input waveform 

Built-in T.V. Sync. Separator 

selects Line or Frame pulses from Positive or Negative Video Signals 


sec/cm (or slower if necessary 


Lane 1166 
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Markem machines are used throughout 
the world to mark electrical and elec- 
tronic components of every description 
—at production speeds—with clear, du- 
rable imprints. Machines ranging from 
the small, hand-operated “Companion” 
to completely automatic high speed 
types are capable of handling products 
and packages of almost any size and 
shape. Printing elements are available 
for marking almost any surface — for 
production runs or for short runs with 
frequent imprint changes. And the 
wide choice of Markem specialty inks 
offers various drying characteristics 
and resistance to almost any environ- 
mental condition. Machines, printing 
elements, inks, supplies, plus competent 
advice and service —all are available 
from Markem, the complete source, 
with 49 years of experience in indus- 
trial marking. 


FROM MARKEM- 


EVERYTHING YOU 


NEED TO MARK ALL 


OF YOUR PRODUCTS 


AND PACKAGES 


Helping your product speak for itself 


MARKEM (U. K.) LIMITED 
24 Brownfields 
Welwyn Garden City, Herts, England 


MACHINEHANDEL H. RUSCHE 
Via Maartensdijk 
Hollandsche Rading, Holland 


HERE'S HOW TYPICAL MARKING NEEDS ARE MET BY MARKEM 


ri 


Mode! 146A — Marking Axial 
Lead Components with com- 
lete legends, including po- 
arity band. Prints neatly on 
curved, uneven or irregular 
surfaces. Can be adjusted 
quickly to different sizes 
of components. Production 
speed up to 3000 per hour. 


Mode! 122A -- Simultaneous 
Top and Side Marking as well 
as date coding of transis- 
tors, similar cylindrical com- 
ponents with base leads. 
Hopper-fed machine auto 


Mode! 148A — Completely 
Automatic Marking of all 
types of surfaces — fiat, 
curved, corrugated, irreg 
ular, etc. — without hand 
rolling or pressing. May be 
mounted for automatic in- 
line marking or objects may 
be hand fed to adjustable 
work table: Average produc- 
tion 2100 to 3100 per hour. 


matically prints and ejects 
up to 3000 per hour 
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Model 69A — Color Banding 
of diodes, resistors, capac- 
itors, similar axial lead 
cylindrical components up 
to 4800 per hour. Up to 6 
colors simultaneously, or 
5 color bands plus typo- 
graphical marking. Color, 
band width, spacing easily 
changed. 


Write for this 12-page cat- 
alog of Markem machines 
and related equipment for 
the electrical and electron 
ics industries. Complete 
specification sheets are 
also available for individual 
machines 
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| @0 
R.F. IMPEDANCE BRIDGE | G00000 
TYPE OA199A/2 5. 


4 


| @) © V.H.F. ADMITTANCE 
} BRIDGE TYPE TF 978 


e* ga 


= 9 


LOW CAPACITANCE 
BRIDGE TYPE TF 1342 


UNIVERSAL BRIDGE TYPE TF 8688 


Seven precision bridges in the Marconi 
Instruments range provide accurate 
measurement of impedance, capacitance, 
inductance, resistance, permittivity, 
conductance, phase angle, Q-factor, 
admittance, power factor, dielectric 

loss and standing wave ratio. 


| SIGNAL GENERATORS - AUDIO & VIDEO 
Y METERS + VOLTMETERS - PO 


RTION METERS - NSMISSION MONITORS 


MEVIATION METERS . SCILLOSCOPES ~. SPECTRUA 
VEVI V MIE T ERD ILILLUSCUPES ore UM 


VIA 


RESPONSE ANALYSERS + Q-METERS & BRIDGES 
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MAGNIFICATION METER 
TYPE TF 1245 


4° UNIVERSAL BRIDGE TYPE 1F1313 
EESSURASHSHRRARRATKGHRAATRSSRHREARESHHESARERe CK SeReBeReeS 


MARCONI 


INSTRUMENTS 


4 good name for good measure 


Please address enquiries to MARCONI INSTRUMENTS 
LTD., ot your nearest office 


London and the South: English Electric House, Strand, 
London W.C.2. Tel: COVent Garden 1234 


Midlands: Marconi House, 24, The Parade, Leamington Spa 
Tel: 1408 


North: 23-25, Station Square, Harrogate. Tel: 67455 
EXPORT DEPT: Sc. Albans, Herts, England. Tel: 59292 
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PISTOL GRIP 


Trawsfynydd, the latest of Britain’s 
nuclear power stations, will incor- 
porate more than 2,500 Austinlite 
SPADE rotary control switches. They are 
designed to meet the exacting re- 
quirements of the Central Electricity 


Generating Board and of the main 





contractors, Atomic Power Con- 


structions Limited. 


Modern power station practice de- 
mands that switch duties be identi- 
CRUCIFORM fied by the shape of the operating 


handle. To meet this requirement 





\ustinlite produced these special 


These new shapes ¢ now available . 
designs. 


| 
to all users 


oe ROTARY 
stinlite SWITCHES 


@ custom-built by Stone-Chance Limited 


(Artist’s impression of Trawsfynydd 


by courtesy of C.E.G.B.) 
ENQUIRIES: To help us to give prompt service, enquiries should now be 


addressed to Austinlite Ltd., Pickersleigh Road, Malvern Worcs., 


or to the London Office :- Schomberg House, 82 Pall Mall, S.W.1. 
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WITH THE SERIES 410 


OSCILLOSCOPE, GAMERA 


vy 
“No darkroom or Using the latest Polaroid Roll Film Type 42 (200 ASA) and 
developers 
Type 47 (3000 ASA), permanent positiv& records can 


¥ : 
7V Fully timed 


be obtained 10 secs. after exposure. 
shutter 


In conjuction with specially designed hoods the canfegg can 4 


- £3.5 or 2.8 =» «” 
lens be fitted to the majority of oscilloscopes. 


J. LANGHAM THOMPSON LTD. 


BUSHEY HEATH ° HERTFORDSHIRE ENGLAND 


Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: “Tommy Watford” 
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The PATTERN 
of PROGRESS 
POINTS to 


® ROLVERN 


lite Wound 
POTENTIOMETERS 


The search for greater accuracy is never ending and 
Colvern have for 30 years led the way in the development 
of Precision and Standard Wire Wound Potentiometers. 
The world’s most extensive range by one manufacturer 
include Standard, Sealed Tropical, Helical and Sine/Cosine 
Types, many with Cam-Correction devices. 

Illustrated is one of such 36 Basic Types. 


TYPE CLR 66/00 SINE/COSINE 


Specification 


RATING oo Dy fers ai ... 4watts 
RESISTANCE RANGE ... aS ... §,0000-50,0000 
RESISTANCE TOLERANCE + 10° 


LAW ACCURACY ... .. 1.5% peak to peak 


MAX. WORKING VOLTS, SPINDLE. 
ee eens. 
MAX. STARTING TORQUE ..... 5 0z. Jin. 


Expert advice on your particular problem from: 


MOLVERN Ltd., Spring Gdns., Romford, Essex, England 


Tel: Romford 62222 PBX 
Telegrams and Cables: COLVERN PHONE ROMFORD. 
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A DIVISION OF MICROCELL LIMITED 
Blackwater, Nr. Camberley, Surrey 
Telephone : Camberley 3461 
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The Microcell range of power supplies includes 
the Type 410—a1 to 30V.5 amp. unit, the Type 
411—a 500V.—3kV.10mA Unit and transistorized 
Sub-Units of up to 5A capacity. 

Economy note: Details are now available of the 
new Microcell Dual-Voltage supplies—offering 
optimum performance at minimum cost. 


PROGRESS THROUGH KNOWLEDGE 
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Take a look and you'll find... 


FORMICA Industrial Laminates playing a major part in the development of communications; they 
have been selected for use in this Model Seventy-Five teleprinter made by Creed & Co. Ltd. 
Tough-yet-light FORMICA Industrial Laminates can be machined to very fine tolerances, which 
in this case is a major virtue. 

You'll find FORMICA Industrial Laminates in all the best of British products from the smallest 
relay to the largest computer. High quality is backed by an unsurpassed technical service, and 
Formica Limited make paper, glass, fabric and copper clad laminates, engraving material and 


inter-laminate prints. 


FORWICA INDUSTRIAL 
LAMINATES 


For full information on FORMICA Industrial Laminates write to: 


FORMICA LIMITED (Industrial Laminates Division) 


84-86 REGENT STREET, LONDON, W.1. 
TELEPHONE: REGENT 8020 


*FORMICA is a registered trade mark 
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DOWN 


with 





mains 





rectification 


COSTS 


Mullard BYYI5 Silicon Power Rectifier offers: 


* Direct rectification of the mains 


* High reliability factors 
* Space savings 


* PLUS lower costs 


For the direct rectification of 250V mains, with full 
voltage tolerance, the Mullard BYYI5, a 20A, 400V 
silicon power rectifier, offers high performance and 


reliability at a really economical price. 

It can be used in series or parallel combinations for 
output currents of more than 20A and still show an 
appreciable saving over rectifiers with higher current 
ratings. From a 250V supply a single phase bridge of 
four BYY15’s gives an output current of 40A and a three 
phase bridge of six BY Y15’s gives 60A. 

For full data on the BYY1)5, please write to the address 
below quoting reference D359. 


MULLARD LIMITED Semiconductor Division 
Mullard House Torrington Place London WC1 
Telephone Langham 6633 
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3 into 1 
will go = 


and produce 


a low-priced 


GYE) Digital Recorder (BIE2814) 


This portable Digital Recorder comprises the well-proved 
B E 50-channel Scanning Switch, Digital Voltmeter and the 
H P Strip Printer. 

The unit may be operated at a scanning rate of 1 or 3 channels 
per second in any one of 3 modes: continuous scanning of all 
selected channels: single scan of all selected channels: conti- 
nuous sampling of | selected channel. Channels may be selected 
for scanning in groups of 10. The Voltmeter incorporates 3 
automatically selected ranges from 0 to + 999°9 volts with an 
accuracy of 0°05°,, of full scale on any range. 

Print-out comprises channel identification, voltage magnitude, 
polarity and decimal point. 


For further information please write to: 


BLACKBURN ELECTRONICS LIMITED 
BROUGH YORKSHIRE TELEPHONE BROUGH 121 


Member Company of Hawker Siddeley Aviation 
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Miniature 
Unitors 


Economy of space reduction in weight—even greater The range of applications has been extended by in 
versatility—these are the three major advantages of cluding a twin co-axial assembly and a 2-pole high 
**Belling-Lee’’ Miniature Unitors over the standard voltage unit, while versatility is further enhanced by the 
pattern from which they were developed. All this has tact that all members have a common face area and 
been achieved without any loss of performance. fixing arrangement. This means that from a basic range 
For example, the 12-pole Miniature Unitor effects a of 1o items, a very large variety of non-interchangeable 
saving in space of over 70%, and a reduction in weight multi-connectors can be constructed, 

of nearly ¢0°,, vet has the same working voltage ( cooV. Die-cast shrouds housing one, two, or three units (illus- 
peak) and current rating (5 amp), except that all poles trated) are availab s an alternative to direct chassis 
are rated equally. The 8-pole type, however, includes mounting. 


four rated at 10 amp. Please write for tuller partic ulars. 


TERMINALS + PLUGS & SOCKETS* ~- GLASS SEALS 
CIRCUIT PROTECTION DEVICES BELLING + LEE eg) 


INTERFERENCE FILTERS RECEIVING AERIALS 
““PRESTINCERT’’ COMPONENTS GREAT CAMBRIDGE RD., ENFIELD, MIDDX., ENGLAND 


Telephone: Enfield 5393 - Telegrams: Radiobel, Enfield 
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MULLARD LIMITED 
Semiconductor Division 


Torrington Place 
Telephone: LANgham 6633 








‘ 


Write for 


MULLARD DESIGNERS’ GUIDE 


a quick and easy reference for all semiconductor users 


Constant research and development by Mullard on semi- 
conductor devices could mean that your particular 
design problem has been solved for you. Among all the 
new and improved types becoming available may be just 
the one for which you have been searching. 

You can be kept informed of up-to-date progress in 
semiconductors through the Mullard Designers’ Guide. 
This extremely useful leaflet contains abridged data on 
every Mullard transistor, diode and rectifier recom- 
mended for new equipment designs. The information is 
set out for quick and easy reference and it is brought up 
to date every four months. 

To benefit from this unique technical service, simply 
write to Mullard House quoting reference D329 on your 
business notepaper and you will be placed on the 


Designers’ Guide mailing list. 


Mullard o> 


™ u 
| Mullard 
v y 


semiconductors 
for industry 
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Ounces to tons... heavy diesel engines 
to delicate electronic instruments 


whatever the loading, whatever the working 


conditions, there is a Silentbloc Anti- 
Vibration Mounting to meet your need. 
Our standard range is so wide and varied 
that it can satisfy all but the really unusual 
demand; but “ specials '’ can be designed 
and made to your own requirements more 
quickly and less expensively than you 


might suppose. Our advisory service is 
freely at your disposal without obligation. S ; & F N ! B ey 
ANTI-VIBRATION DEVICES 


Come to us at the drawing- FOR ROAD AND RAIL TRACTION 
INSTRUMENTATION + ELECTRONICS 


SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 
Telephone: Crawley 2100 Telegrams: Silentbloc Crawley 


Andre Rubber Co. Ltd., is another Silentbloc Company Silentbloc products are also manufactured by Silentbloc (Australia) Pry. Ltd., Melbourne 
Broadway 
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The flexible, fully-transistorized Microcell 
Datalogger Type 300 monitors parameters 
in a variety of applications — temperatures, 
pressures, strains, flow—millivolt signals, etc. 
—and records the output on a range of out- 
put devices such as strip printers, calculating 
machines, electric typewriters, punched tape, 
punched cards or magnetic tape. 

The 300 is fast, accurate, reliable, versatile 
and expandable. Whether your probiem is 
Data Acquisition for R and D or Alarm 
Scanning in a Process Plant the Type 300 can 
be systems engineered into your organisation. 
Full data is available from the address below:— 


electronics EES RN 


A DIVISION OF MICROCELL LIMITED 
Blackwater, Nr. Camberley, Surrey 
Telephone : Camberley 3461 


PROGRESS THROUGH KNOWLEDGE 
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SOCIETE GENERALE DES MINERAIS, S.A. 


31, rue du Marais — Brussels 1 


Telephone: 18.80.30 Telegrams: 
Telex: 258 SOGEMIOS - BRUSSELS 


Germanium UMK 


Dioxide — Zone Refined Metal — Monocrystals 


Silicon 


Lumps — Billets — Rods — Monocrystals 


Tantalum and Niobium 


Oxides — Powders — Ingots 


Capacitor Grade Tantalum Powders 


Selenium 


Powder > 99°95°,, — Rectifier Grade 


Antimony 


Electronic Grade, Zone Refined > 99°999",, 
Arsenic 


Electronic Grade > 99°999°, 


Agents in the United Kingdom: 
BRANDHURST COMPANY LIMITED 


Vintry House - Queen Street Place - London, E.C.4 
Telephone: CEN 1411 
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im MADT 
pote ee - 2 ole 


cuts computer costs —- 3 ways 


=, aa 
ty <9 


No need for complex No need to design new No need for compromise 
circuits to use equipment around circuits and 

general purpose fundamentally different pseudo-saturated 
transistors when devices when all MADT's operation when 

there is an MADT to have the same basic every MADT is 

suit your specific characteristics. designed to bottom 
requirement. well below 250 mV. 


and...MADT's, from the low-cost 10 Mc/s rate 2N1754 to the 2N769 with 100 Mc/s 
capability, cover all present production and developmental high-speed, low-level 
switching applications. 


Under development are coaxial MADT's capable of 500 Mc's switching rates to meet all 
foreseeable requirements into the 1970's. 


MADT's are produced by a flexible in-line automatic production process which can be 
concentrated upon transistors optimised for operation anywhere within the range defined 
by the devices quoted. 


It's well worth discussing your switching requirements with the specialist team at :— 


Semiconductors limited 


CHENEY MANOR, SWINDON, WILTSHIRE. 
Telephone: Swindon 6421. 
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An engineer (escorting a 
passionate lover of spaghetti) may 
observe: coil winding is both 

a precise science and a fine 

art . . . only acquired after 
constant application (and much 
footing of bills by the escort). 
Because he is an electrical 
engineer, he may well recall that 
Westoo/ make a very special 

study of the whole field of coils 
and coil winding . . . their 
profound knowledge of everything 
that can affect the performance 
of a coil proves invaluable 

to progressive minded engineers. 


Over 1,000,000 Coils leave 
Westoo/—every year! 


Westool Coils for transformers, 
aircraft solenoids, contactors, 
magnets, ignition secondaries, 
magnetic clutches, rotors, lift brakes— 
and thousands of other types! 


Full technical information on request. 
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D.C. -25 Mc/s. 
(50 mV/cm) 


Max. Preamplifier 
sensitivity 


'o~ 500 .. V/cm (a.c.) 
Dn Rise times to 14 musecs at 50 mV/cm A 
erent a Signal Delay 


0.2 «sec 


20 m,sec/cm - 
12 secs/cm 


time-base range 


Comprehensive 


triggering facilities 


13.5 kV Stabilised 
_ Boa 
Os oeethndn dane tala, Aratdlmdc Simplified circuitry, 
; maximum reliability. 
N CW 5 SOLART! ‘R 100 


5” centres camera 


fixing 


10 cm x6 cm 


window size 








For further details write now to :— 


SOLARTRON LABORATORY INSTRUMENTS LTD. 
COX LANE, CHESSINGTON, SURREY - LOWer Hook 2150 


QO) A member of the Firth Cleveland Group 
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EVEN A 
GLASS BOTTL 















Clean through the glass, a screw-fixing — yet watertight! No trouble at all 


WI T | RAW LPLUG with a Rawlnut, one of the 24 different types of Rawlplug Fixing Devices 
that turn ‘diffici or 4 C 


ult impossible’ fixings into simple, easy, ‘done-in-a- 


minute’ jobs! Whatever the material, there’s a Rawlplug Fixing Device 
FIXING DEVICES that make screw or bolt fixings in a fraction of the time taken by other 


methods. Write for the latest Rawlplug catalogue. 





| T 
RAWLNUTS | SPRING TOGGLES RAWLANCHORS 
The amazing screw-fixing that forms it wn | For making firm fixings to thin and structural- A fixing which enables screws to be withdrawn 
‘rivet head’ behind the material wher I ed ly weak materials such as lath and plaster and replaced at will in wallboards, insulating 
up from t and plasterboard ceili et rhe wir of j boards, plaster and asbestos boards, j wood 
and insulativ the d e spring apart behind the material etc. For prefabricated buildings, Rawlanchors 
| | . ead t ' a le area can be nee tm situ in the fact ry 
for speedy erection on site, 























IS SWIFTER AND EASIER WITH THESE DEVICES 


FIXING DEVICES FOR SPEED AND ENDURANCE 
THE RAWLPLUG CO LTD - CROMWELL ROAD - LONDON - SW7 
THE WORLD’S LARGEST MANUFACTURERS OF FIXING DEVICES 
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STABILISED POWER UNITS 


S OC OUTPUT CURRENT 


This chart gives an instant and graphic idea of the 

outstanding range both in output voltage and 

current covered by AEI stabilised power units 

All units are outstandingly reliable—everything 

has been done to ensure stability, even under the 

most severe load conditions. Ingenious design 

ae provides good ventilation so that the temperature 

rise 1s minimised. The use of high-grade com- 

ee ee ponents, which are always under-run, results in 
high efficiency and freedom from breakdown. 


Send for further details 


R1260 & R1260 


et 
bs 

' » 
{ie 
j 


the range atag 


av 8V 
DC OUTPUT VOLTAGE 


Associated Electrical Industries Ltd 

Radio & Electronic Components Division 

PD 17,155 Charing Cross Road. London W.C.2 

Telephone: GERrard 9797 Telegrams: Sieswan Westcent London 
TA 17/103 
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3« HIGH PERFORMANCE 
3% LOW PRICE 


Without a doubt this outstanding new product represents 
a significant advance in British key switching practice. It 
completely outmodes ordinary lever type keys with separate 
lamps. Among its outstanding characteristics are:- 


@ TWIN SILVER CONTACTS 100V at 300mA max. @ LONG LIFE NYLON BODY WITH PRECISION LOCKING TRACK 
@ OFFERED WITH OR WITHOUT TELEPHONE TYPE LAMP @ INSTANT LAMP REPLACEMENT 

@ 20R4 CHANGEOVER ACTIONS @ LOCKING, NON-LOCKING OR INTERLOCKING MODELS AVAILABLE FROM STOCK 
@ PUSH BUTTONS (round or rectangular) in black or white with a choice of five coloured lenses 

@ MULTI-WAY MOUNTING PLATES FOR PANEL OR CHASSIS FIXING SUITABLE FOR ANY CONTROL APPLICATION 
, ..and so competitively priced. For instance the 4 changeover, non-lock model illustrated only costs about 15/-. 
(Quantity orders at a lower price) 


Order a sample key now’ for evaluation purposes and see for yourself that first- 
class quality need not be expensive—when you buy from TMC. 


TT MC TELEPHONE MANUFACTURING COMPANY LIMITED 
Dept. B, Martell Rd - West Dulwich - London SE21 - Tel: GIPsy Hill 2211 


> 
A MEMBER OF THE D} (a GROUP OF COMPANIES 
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$B1/3 


ELECTRONIC 


THE GENERATION OF COMPLEX LOW FREQUENCY WAVEFORMS... 


ENGINEERING 


has hitherto been possible only with extensive electronic circuitry —if, in fact, 
generation was possible at all. Now, with the VLF Function Generator Type 
SG88, ANY waveshape— mathematical or non-mathematical, no matter how 
complex or irregular and provided only that it is a single valued function and 
repetitive-—can be generated. 

New techniques can be applied to old problems, for the generator can be used 
in any application necessitating a repetitive cycle of events. Heartbeats, fuel- 
flow simulation, tidal effects, servo-system tests, load-cycles — 


VLF FUNCTION GENERATOR SG88& 


Frequency Range: 0.005 — 50 c/s. 
Output Voltage Range: 200. V to 22V peak to peak 
Frequency Calibration Accuracy: + 1% Full Scale. 


l 
. 
3 
4. Generation by servo controlled optical mechanical system 
s 


Automatic frequency sweep facility. 
6. Direction of rotation and waveform reversible. 
7. Rapid change of waveform by interchanging glass discs 
Nett price in U.K. £475. 0. 0. 


xX \ Advance COMPONENTS LIMITED 
an INSTRUMENTS DIVISION 


ROEBUCK ROAD HAINAULT + ILFORD + ESSEX + TELEPHONE: HAINAULT 4444 
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ete 


The Firth Cleveland Vibrating Probe Level Control gives you instant detection and accurate control of the 
level of low density granular materials. It is completely reliable, since it incorporates no moving parts and 
employs a printed circuit control unit which may be situated up to 300 ft. from the storage vessel, hopper etc. 
The system may be coupled to any type of emptying or filling equipment and will operate equally with 
pressurized or non-pressurized tanks of any shape or size. 

Both units are of extremely robust construction and completely weather-proof. No adjustments are necessary 
on installation, maintenance is negligible, and the system is backed by nationwide service facilities. Full 
technical information is yours for the asking, or we will arrange for one of our engineers to call and talk 
over details with you. 








HiGH LEVEL WARNING 
AND CONTROL — one of 
the many applications 
of the system. 


AMPLIFIER 
AND LAMP 

MAINS 
ANNUNCIATOR SUPPLY 


——_— 





[FC] VIBRATING PROBE LEVEL CONTROL SYSTEM 


Firth Cleveland Instruments Ltd., 7 Cleveland Row, London, S.W.1 Tel: WHitehali 3100 A MEMBER OF THE FIRTH CLEVELAND GROUP ¥ ) 


rec ara 
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SS = 





COMPONENTS LIMITED CAPACITORS LIMITED 
Diss Norfolk oS B Diss Norfolk 


TWO PRODUCTS 


PRECISION WIREWOUND RESISTORS 


PRECISION SILVERED MICA CAPACITORS 
—Il 
an 


ONE POLICY 
THE BEST QUALITY 


Precision Wirewound Resistors from Fully Type Approved Silvered Mica 
0.1 2 to 40 MQ to tolerances of capacitors to RCS 132 Cat. “A” Class 
better than +0.01% over part of Hl. Types CMM1-G and CMM3-Y are 
the range. Subminiature, thermal available with three weeks’ delivery. 
compensating, plug in, 4-terminal. Send for full details and list of inter- 
Send for full catalogue. service reference numbers. 


LONDON SALES OFFICE, 551 HOLLOWAY ROAD, LONDON N.19. Tel: ARChway 0015. 
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DOUBLE ENDED 
STAINLESS STEEL 
VACUUM OVENS 


with glove box for semiconductor devices 
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We design and manufacture Ovens to Customers’ 
special requirements. Should you have any problems 
in this field our Technical Department is always willing 
to help you solve them. Vacuum Ovens with tempera- 
tures of up to 600°C are also manufactured by us on 
similar lines but with Sectional Heating and Water- 
Cooled Ends. 


We design, manufacture and supply Vacuum Machinery to 
major companies in Great Britain and Overseas. 





Vacuum Ovens with Glove box and high pressure 
unloading chambers. Safety interlocking of doors. 
Automatic high pressure sofety device on unload- 


ing chamber, seperate gas feed lines etc. 


Made throughout in polished stainless steel. 

Single action door openings. 

Rectangular with self spacings to suit. 

Double-ended controls. 

Electrical interlocking of air inlet and isolation valve. 
Outer cover hermetically sealed. 

Temperature Range 0-400 C. 

or equivalent F. 


VACWELL ENGINEERING CO., LTD. 


WILLOW LANE - MITCHAM - SURREY 


SEPTEMBER 1961 


Temperature Control: Normal +7$°C. Special + 1°C. 
Internal Spacing 7” x 8” x 18. 

(can be altered to special requirements). 

Vacuum Range: To 10-* m.m. 

Respective Vacuum Gauges incorporated. 

Automatic air inlet valve on Backing Pump. 

Visual Indicators and Fuses on all switches. 

Flanged for fitting into Dry Box. 


wrower, 


Vv 


Tel: MiTcham 8211 (3 lines) av 
co.» 
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NEW CINTEL © ALL- 


Accurate within+one per cent of full 
scale on the inductance and resis- 
tance ranges -0:0054H to 30mH, 
and -500uU2 to 3300 respectively. 


THE BRIDGE is an all transistor version of the well-known valve model 
of the same name, which it now supersedes. 

This new version retains the same rigid specification with the added 
advantages of greater scale length, increased accuracy, improved reli- 
ability, printed circuit construction, simpler and quicker operation from 
either mains or battery, and no warm-up period. 

APPLICATION. The instrument has been designed essentially to 
meet the demand for a bridge capable of accurate low self or mutual in- 
ductance with a wide variety of applications. 


It may be used to measure the a.f. Inductance of small coils which 





have a low Q value at audio frequencies, such as radio and television 
receiver tuning coils. It can also be applied to the measurement of cor- 
recting inductors, loading coils, the inductance of transmission lines, 


cables and circuit ‘strays’. This latter application is particularly useful 





in high frequency circuits. The bridge may also be used for measuring 
any mutual inductance within its range; for example, that of I.F. trans- 
formers. A particularly useful 


application of mutual measure- 


PRO EEe § Lis ment is in the setting up of 


1592 c/s artificial transmission lines. 





Tl inductance 
lance L 


resistance hase : “ 
balance VR Geecitive Ste by step along the comple 


T4 , 
detector ted line, each section being 


Measurements can be made 





treated as a three-terminal net- 





work. Mutual resistancecanalso 





be measured with precision. 
A further use of the bridge is for the accurate measurement of low 
resistance values, the first scale reading being 100 microhms. 


A complete technical description is available on request to . . . SERIAL HOIO2 


Siiea RANK CINTEL LIMITED 


Worsley Bridge Road, Lower Sydenham, 
LONDON, S.E.26. HITHER GREEN 4600 





TRANSISTOR MUTUAL 
INDUCTANCE BRIDGE 


Dimensions: 20-5” wide x 14” high x 13” deep (52 x 35 x 33 











gaebcttrt a a 
w* 


INDUCTANCE 


w 








& 


Pe 


IDUCTANCE BRIDGE 
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Technical Knowledge 
pays dividends 


for life 
C..R.E.1.—an educational ladder 


People who have not had the advantage of full-time advanced technical education sometimes 
feel that it is impossible to make up the lost ground. This is not true. 

C.R.E.I. home study courses bring you individual tuition geared to your personal needs and 
based on up-to-the-minute knowledge? of technological development and industrial requirement. 


Many of the leading electronics engineers in American Industry 
and the American Services are C.R.E.I. trained. Now large numbers 
of British students are also equipping themselves for better jobs 
and higher pay by taking advantage of the unique C.R.E.I. facilities 
for acquiring technical education of the highest standard without 
interrupting their present employment. 


THE MOST IMPORTANT STEP 


With hard work and personal discipline you can use one of the 
C.R.E.I. courses as the road to a rewarding career. Each C.R.E.I. 
student has a highly-qualified tutor taking a personal interest in 
his progress. The most important step is the first one—to fill in 
this coupon and to find out about the educational advantages that 
C.R.E.I. Programmes can offer you—now. 

If you have at least two years practical experience in electronics 
or a suitable educational background, fill in this coupon now for 
full details of C.R.E.I. courses, methods and achievements. 


C.R.E.!I. Courses are available in: TO: C.R.E.1. (LONDON), (DEPT. EE3 ) 


Electronic Engineering Technology GRANVILLE i - — STREET, 


Mathematics for Electronic Engineers —e oe oe ee ee ee ee ee ee 
Automation j ; 
Please send me (for my information and 


Radar entirely without obligation) full details of 
Servo the Educational Programmes offered by 


Nuclear Engineering Technology your Institute. 
NAME . 


ADDRESS . 


C.R.E.I. (The Capitol Radio Engineering In- 
stitute) was founded in America & years ago. 
Over 20,000 students take C.R.E.I. home study 
programmes every year. In the United 
Kingdom, C.R.E.I. home study courses have 
been accepted by all three Services. 


BACKGROUND EXPERIENCE ........ 


C.R.E.1. (LONDON), (DEPT.EE3) GRANVILLE HOUSE, 
152/135 SLOANE STREET, LONDON, S.W.1. 


i 
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may we 
work together to 


EXPORT? 


Brandenburg wish to contact a number of small go-ahead firms 
in the electronics field who, like ourselves, are anxious to improve their exports, 
with a view to discussing the formation of a company to establish 


joint export facilities abroad. 
We ourselves manufacture and export high-voltage regulated power supplies, 


as shown elsewhere in this journal. 
Replies should be addressed : For the personal attention of the Managing Director 


BRANDENBURG LIMITED — 


139 Sanderstead Road, South Croydon, Surrey. Sanderstead 3555-6 
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KENT ALLOYS LIMITED 

Manufacturers of precision cast wave guide components for 
AERONAUTICAL AND MARINE NAVIGATION AND APPROACH EQUIPMENT. 
Castings of exceptionally fine surface finish and close dimensional 
tolerances are produced by our plaster processes in 

ALUMINIUM, MAGNESIUM AND CERTAIN COPPER-BASED ALLOYS. 








PRECISION CAST 


WAVE GUIDE COMPONENTS for 
RADAR AND COMMUNICATIONS 





Comprehensive machine shop facilities, allied with our foundries, 
enable us to supply fully machined and assembled units to your 
order. Our representatives and technicians would be pleased 
to discuss your casting requirements. 

Member of the 


KENT ALLOYS LIMITED td 
t 


ROCHESTER, KENT Telephone: Strood 7674 
, Birtiela Group 
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high voltage regulated power supplies 
—standard models up to 100 kV. 


5, 10, 20 and 30 kilovolt regulated supply 


Type $0530 


output | to 10 kV at 2mA,. Model A 
2 to 20 kV at | mA. Model B 
3 to 30 kV at ¢ mA. Model C 
500 V to 5 kV at 2 mA. Model D 
input 200/250 volts, 50 cycles 
polarity positive or negative grounded available 
regulation better than 0.5%, against full load 
stability better than 1°, against + 10°, mains 
change 


5” Ernest Turner movement 
current metering jack 

standard 19° x 184" P.O. panel 
for rack mounting or bench use 


£135 ~~ 


Models A, B and C can be supplied with 
reversible output polarity at £165 


Type $0530 model A 


50 kilovolt regulated supply 


Type MR5OR 
output 5 kV to 50 kV ati mA 
input 200/250 volts 
polarity reversible 
regulation 0.5% against full load 
stability 0.5%, against + 10°, mains change 
dimensions W: 24” H:23’ D: 15” 


a 


100 kilovolt regulated power supply 


Type MRIOOR 
output voltage 1|0to 100 kV, continuously variable at | m/A maximum 
polarity reversible 
ripple 0.1% 
regulation better than 1°, no load to full load 
stability better than |°, against 4.7%, mains change 

input 200/250 volts, 50 cycles 
metering output voltage and current metered 

dimensions VW: 24° H: 44” D: 19” 


£525 orm 


Brochure on request For further specifications of this Brandenburg range of standard high voltage equipment, please write for brochure 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. Sanderstead 3555/6 
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regulated - well ventilated - power supplies 


Improved Brandenburg design, with wide 
centre ventilation and easier access toVall 
components. Two of model V300/200 
mounted in one suitable frame measuring 
174° x 173" x7". This shows one of many 
methods of mounting these units. 


Enquiries are invited for composite 
power supplies which incorporate our 
standard equipment together with non- 
standard equipment specially developed 
to customers’ own specification. 


All models voltage stabilized All prices quoted are ex-works 


polarity reversible — - ee 
effective resistance 0-1 ohm 200-350 V 200-350 V 
—- 0:02% against + 10°, mains change scala = si ; 
ripple less than 2 mV , } 
input 200/250 volts, 50 cycles 100 m/A. £37 10 0 | | Amp. 
output a.c. 100 and 200 mA models: 4x 6-3V, 1-SA. 
350 and SOO mA medels: 2x63V, SA. Ali | 0™/A £48 10 0) 2 Amp. 
can be paralleled | 350m/A. £64 0 0} 
dimensions 100 and 200 mA models: 153” x 53” x 63” high. complete with 19° front 
350 mA models: 153” x 7}" x 7}" high. 500 mA =| SOO m/A. £80 0 0 | panei and assembly 
models: two chassis, each 153” x 53” x 63’ 
high. Flanged open chassis, with frames 
available for converting all models to front 
panel mounting 





new current-stabilized models 


type C300 


output current 50-300 m/A, continuously variable 
output voltage 500 volts, maximum 


type C400 


output current 50-400 m/A, continuously variable 
output voltage 600 volts, maximum 


both models 


input 200/250 volts, 50 cycles 
stability better than 0.1% for 10°, mains change 
drift less than 5% for 30 minutes 


C300 £ | 45 C400 £ I 85 both ex-works 


enquiries are invited for 
similar specifications 


Brochure of Brandenburg voltage-stabilized range also available 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. Sanderstead 3555/6 
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transistorised variable power supply 


input 
output 
voltage 
output 
current 
output 
impedance 
regulation 
ripple 
metering 


dimensions 


Type TC302 


scintillation 
counter supplies 


input 
output 
stability 


Type TC302 
200/250 volts, 50 cycles, D.C. 


0-30 volts, continuously variable 
0-2 amps. 


less than 0.1 ohms 

0.1°, for 45°, mains change 
less than 2 millivolts 

voltage and current metered with 
Ernest Turner Model 703 

W: 173” H: 73?” D: 9” 


and proportional 


Type CS1I60 

200/250 volts, single phase 
2.2 kV at3 mA 

better than 0.1°,, for +7°% 
mains change 


effective 


resistance 
ripple 
long-term[drift 
metering 


potentiometers 


construction 


Type CS160 


input 

output 
stability 
regulation 
ripple 
polarity 
construction 


less than 1,000 ohms 

less than 12 mV peak to peak 
less than 0.1%, over 24 hours 
input to potentiometers moni- 
tored by E.T. Model 703 ; 
two fitted, giving outputs 

500 volts to 2 kV with coarse 
and fine controls 

19° « 7” P.O. panel, enclosed 
for rack mounting or bench use 


£195 ..... 


Type CS3520 

200/250 voits, single phase 

3.5 kV at 20 mA maximum 

0.1%, against 10°, mains change 
0.1°%% no load to full load 

less than 10 mV peak to peak} 
negative output, positive grounded 
19” x 104” P.O. panel, totally 
enclosed 


Further details of Brandenburg specialized equipment: specifications available on request 
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36 dB/octave o : 























Low-Pass plus High-Pass _ ~- 


FU2T 


filter 


Comprising two filter sections built into 
the same case, the FU21 can offer a wide Ege 
ostety of characteristi wer a fee m Calibration accuracy WA 
variety of characteristics over < uency 
’ . q J Insertion loss 5dB to 5dB, continu 


range of 2 c/s—200 Ke/s. The FU21 uses oar ver 
Input level 5 V max 


transistors and is mains operated. In Input impedance 0.52 approx 
low 


addition to the characteristics with ulti- Output impedance 

- -130V, 200-250V 
mate slopes of 36dB/octave, a single high- Power supplies ae i 200-250V ; ° 
pass or low-pass is obtainable at 72dB Consumption 40 W approx 


octave. . 








PROVISIONAL DATA 












...and the variable band-pass filter for the audio band 





& 


Simple adjustment of two dials on the FU4 
obtains almost any band width with any centre 
frequency over the entire audio band. High-pass 
and low-pass sections in cascade are indepen- 
dently adjustable. 
DATA 

Frequency range 1.9 c/s—-21 Keys 












Accuracy » yA 
Cut-off rate 24 dB/octave 
SOUTHALL Maximum input 15V r.m.s 
CAWKELL enecane Input impedance 522 
Output impedance 30022 







Details of these units gladly sent on request 


CAWKELL RESEARCH & ELECTRONICS LIMITED 


A member of the Simms Group of Companies Scotts Road, Southall, Middlesex. SOUthall 3702/5881 
EXPORT MANAGERS: APPLIED RESEARCH (INSTRUMENTS) LTD., EMEFCO HOUSE, BELL STREET, REIGATE, SURREY 


CF2 
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2 amp. constant current protected 
bench power supply unit 


ar 
¥Y Va 


market this unit at £7( 
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ELECTRONI 
COMPONENT 


We produce a comprehensive range 
of high-quality Electronic Components. 
Consult our catalogue for your requirements. 
Our “By Return” Service will ensure 
immediate despatch of your orders, 


Radiocpares Ltd.s 


4-8 MAPLE STREET - LONDON - W.I + ENGLAND 


R aD Telephone: EUSton 7232 (8 lines) 


elegrams: RADOSPERES, WESDO, LONDON Cables: RADOSPERES, LONDON ww, 
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winning move... price and performance! 


In one move vou can checkmate practically any valve reliability problem by specifying 
Mullard Special Quality Valves 

Mullard production techniques couple high technological standards with large scale 
output, giving you the advantage of valves of top quality performance at a surprisingly 
low price 

Specifically designed to provide combinations of several special qualities—long life, 
supreme ruggedness, consistent characteristics—these Special Quality valves can 
increase operational reliability under normal or tough conditions and reduce costly 


equipment breakdowns and servicing time. 


Send us your valve reliability problem and we'll recommend a Special Quality 


valve type. When writing please quote reference D4229. 


Mullard Limited, Government and Industrial Valve Division, Mullard House, Torrington Place, London, WC1. Telephone LANgham 5522 


®) MVTA 422 
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ELECTRONIC 


Varley 


British made... 
ico) am olalemitic 
Valo ol-)ai-1e1 more) ay t- (ea 


ENGINEERING 


J 0.75 0.96 
Panel height 1.175” (with socket 1.35”) 
Type V.P.4. 0.75’ = 1.18 
Panel height 1.175’ (with socket 1.35”) 
2 or 4 pole changeover (other contact 
arrangements being developed) 
Operating voltages: 6-138v D.C. 


Operating times: 34 to 74 milliseconds 


* Operating life: in excess of 


10’ operations. 


* Contact ratings: 1 amp at 100v. 


Maximum watts: 30. 

Contact material: fine silver and 
gold alloy. Other contact 
materials will be available later. 
Plug-in and fitted with dust 
cover (Printed circuit 

socket later). 


SEPTEMBER 


1961 





EE 37 105 for further details 


Ee. WITH CLOSE REGULATION 
POWER AND ULTRA-SMOOTH OUTPUT 


ELECTRICAL SPECIFICATION 
ALLSCOTT E.H.T. 
E.H.T. SUPPLY 


POWER UNIT Type 1112 
Output Voltage 2 to 8 kv negative to earth 


Output Current Max. 50 mA Ss Specially designed to operate 
Regulation (no load to & low noise Klystrons requiring up 


full h E e A 
ull load) Better than 0.02", per m to 50 mA D.C. Adjustable 


Stabilisation against 
i from 2 to 8 kv negative to earth. 


mains voltage 
variations Better than 0.01", per | 
mains voltage change 


D.C. heater supply included 
Ripple Less than |OmV between 50c s 
and | kes: less than 30,V at 
| ke s decreasing at 3 db octave 
upwards. Safety interlocks on all access 


D.C. HEATER SUPPLY 4 points. Additional external 


0-6 volts 0-10 amps : ¥ safety circuits provided by jack 


MAINS INPUT ‘ mm inputs. 


50 c s, 3 phase star. 


rN 
MULTI-LINE 
POWER UNIT 


Fan cooled cabinet, castor mounted 





James Scott jinn: Ltd 


68 Brockville Street, 


Carntyne Industrial Estate, Glasgow, E.2 
Tel: Shettleston 4206 
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analogue computers for}; DESIGN 


—simulating and solving the dynamic 
problems of a system prior to construction. 














Analogue Computer ‘S.C. 30’ 


The S.C. 30 combines high accuracy, high + A high accuracy automatic timing device 
work loading factor, comprehensive central __ is included with facilities for repetitive 
control and programming facilities, together operation. 
with outstanding overall flexibility. 
It will provide accurate solutions for a 
wide range of linear and non-linear dynamic 
problems. %* 5-Figure Digital Voltmeter and high 


accuracy reference supply ensures rapid and 
* 30 operational amplifiers. accurate programming. 


* Manual or automatic decade scale changing 
facilities provided. 


* High performance non-linear units are * A detachable problem board allows 
incorporated. problem storage and simple patching. 














SOLART RON 


Special Digital Data Recorder systems can ad 


be supplied for automatic plant supervision, 
E to provide continuous monitoring of 


parameters with off-limit detectors to keep  Gigital data recording systems for 
industrial processes within normal operating 
limits. Outputs can be recorded on punched aa] Ee A S U FR Ee vi Ee bad T 
paper tape, in-line printer, typewriter or 


magnetic tape. AMD © Bag T R © L. 


Special 400 Channel Digital Data System —of industrial plants and processes. 


installed in a large European Power 
Station. 


* HIGH GAIN 

* LOW DRIFT 

* LOW NOISE 

Gain: 20x to1000x in 10 steps, with 
continuous 1 to 2x variation on 
each step. (D.C.—40 kc/s) 

Drift: 2yuVin 40 hours 

Zin: 100kQ 

Zout: 1Qinseries with 25 wH 

Output: + 35 Volts into loads >1kQ, 
+ 35 mA pk. 





| 
ee —t SOLARTRON Electronic | 
i ie Y Equipment 
: comprises precision built | 
units-of high accuracy and) | 
2 ' . reliability, designed to func 
. > 
: tion either as complimentary 


units in large installation 
Or to operate as independ 
ent instruments in Product- 
ion,Research or Development 
4-Figure D.C. Digital Voltmeter LM 902.2 5-Figure D.C. Digital Voltmeter LM 1010 work 

* 100 uV to 1.599 kV (in 5 ranges) * 0-0.15998 V to 0-1.5999 kV (in 5 ranges) 

* Accuracy + 0.1% of full scale oneach %* Accuracy 0.05%. Resolution 0.01%. (Max. 20uV) 
range. % 1000 MQ input impedance, suitable for 
* Automatic polarity discrimination. capacity transfer techniques. 
* 280 milliseconds Read-out Time. + Up to 60 conversions/sec. 

* Adjustable ‘Dead Zone’ to eliminate jitter. | %* Direct Reading Thermocouple Ranges. 





For full details of the Solartron range of electronic instruments and equipment, write to any of these addresses- 


W. GERMANY Solartron Elektronik GmbH, Munich 15. Te/: Munich 59.51.09 @ HOLLAND Solartron (Nederland) N.V., The Hague. Te/: The Hague 543147 @ ITALY Solartron 
S.p.A., Milan. Te/; Milan 412396 @ SWEDEN A.B. Solartron, Stockholm NO. Te/: Stockholm 600906 @ FRANCE Solartron France S.A., Paris 20e. Te/; Pyrenées 4840 @ UNITED 
STATES Solartron Inc., Anaheim, California. Te/: Prospect 2-2652 There are Solartron agents throughout the world. 

The Solartron Electronic Group Limited, International Division, Cox Lane, Chessington, Surrey, ENGLAND. Telephone: LOWer Hook 2150 Cables: SOLARTRON 


CHESSINGTON Telex: 23842 SOLARTRON CHESS. 
¥ A Member of the Firth Cleveland Group. 
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NEW from Sydney §. Bird / 


The UT Tuner is in produc- 


tion and available now. 


The UT Tuner i: approved 
to Continental P.O. Standards. 


The UT Tuner is fully aligned 
and fitted with valves PC86 and PC88. 


The UT Tuner is aiterna- 


tively offered in metalwork kit form 
if required. 








SPECIFICATION 


Tuning Range 470-790 Mc s. 
Bandwidth 5-7 Mc s over the band 


1.F. Output British Standard 
34.65-38.15 Mc s. 


or 
C.C.1.R. Standard 
33.4-38.9 Mc s. 

1.F. Coupling . Low impedance inductive link 

Input Impedance 60 ohms unbalanced or 240 
ohms balanced. 

Oscillator Frequency Drift 250 Kes for 30C. rise in 
temperature above ambient, 
measured after a period of 2 
min. from switch on 

H.T. Supply . 180 volts. 

Heater Supply 7.6 volts at 0.3 amp. 








stetell ~~ 
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ROBAND 


TRANSISTORISED 
REGULATED 
POWER SUPPLIES 


The Roband philosophy of power 
supplies is to provide exactly your 





cesta aacsints EFFECTIV hVOLTAGE =| j Size VEIGHT Kw specific requirements in units of 
vouTs AMPS RESISTAN .2 uit | nN mv 2S wT N LBS ‘ s 

T SERIES OPEN CHASSIS PRE-SET (Mains 200/250V A.C. 100/125V models also available) 
T98 6-18 | 0-08 oO | " , 32 2 manufacture the widest and most 
Ti00 30 max. | 0-04 | 
TI0OB | 50 max. | 0-1 
Ti09 50 max. i 
Tilo 30 max. 
TH14 | 30max. | 0-01 


MODEL 


lasting reliability. Roband probably 


! ; 5 45 comprehensive range of power 
1 5 f 55 
o | 13 70 supplies available anywhere today. 
0-01 | 1-0 
} 4 


‘- 73 23 | «(98 Unrivalled Roband reliability is 
8 39 135 
. built into the power supplies by 


unstinted use of high grade com- 





Please order as follows: Type No./Volrage required. For example: T 109/45 is a 45 voit 2A unit. 


T SERIES FRONT PANEL VARIABLE UNITS (Mains 200/250V A.C. 100/125V models also available) 
| 93 5} 5 € 64 

| 13¢ 10g 9 194 93 
| 16% 10¢ 103 30 100 
13, 10f 92 19} 85 


16 10; 102 30 129 


16 10 102 30 
#21 14k 12 46 
21f 14h OB 60 
2ik 18t NR | 64 
*21t 20 134 | 101 
*21; 21 162 139 


799 ponents, interservices approved 


Tiol 
Ti02 
TI03 


T104 


TIOS 
T106 
TI07 
Til 
TiI2 
Tii3 0-30 | 0-0! 


o 


cooooo gococceo 


wherever practical, and by consis- 
tently underrunning them —tran- 
sistors for example at never more 
than 50% of manufacturers’ ratings. 
Painstaking Roband engineering 
ensures ample ventilation and 
mechanical strength for the severest 
conditions. 

All outputs are isolated to provide 


raed drat ars 
oooooooccv 





eceeee 65666686 





eooo0g C9 9°000 
NNN RD we we we we oe ee 
cooooo og eooceo 





nN 
o 














*Panel and chassis withdrawable to fit 19” rack. tNote that T104 has two independent floating sections. 


highly stabilised positive, negative, 
or floating supplies with negligible 
ripple. 

Open chassis units are supplied 
pre-set to any voltage from zero 
nominal (the T98 starts at 6v) 
to maximum, a pre-set control 
allowing a small variation. Any 
other voltage can be obtained by 
simple adjustment within the unit. 


Made and gueranteed by 

ROBAND ELECTRONICS LIMITED 
BEULAH WORKS, BEULAH ROAD, 
THORNTON HEATH, SURREY 
Telephone: LiVingstone 6606 
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VACUUM TUBE REGULATED 





D.C. OUTPUT CFLOATING) A.C, OUTPUTS IN EFFECTIVE % VOLTAGE RIPPLE | SIZE IN INCHES } WEIGHT | EX-wWORK a SE Re eS 


AMPS. (ALL @-3¥) | RESISTANCED)) «STABILITY inmvy | t X © X HT. | ON LOS. c & oO 


OPEN CHASSIS UNITS (Mains 200/250V A.C. models also available) Rugged reliable units 


Probably the most advanced series of 
open chassis units available today and 
characterised by an extremely rugged 
construction and a line-up of inter- 
services approved reliable valves. The 
input and outputs terminate on 
Plessey Mark 4 connectors (or any 
suitable alternative if requested) and a 
mains selector panel is included. 

A compact welded rectangular frame- 
work of extruded angle aluminium 
alloy rigidly secures the ‘C’ core 
transformer and the 14 S.W.G. 
chassis housing the electronic sub- 
assembly. Because all the vulnerable 
components are located within the 
framework the risk of accidental 
damage is greatly minimised. 

The framework contains anchor nuts 
which facilitate mounting the units 
in a variety of ways. It is permissible, 
for instance to secure any two units 
SERIES FRONT PANEL UNITS (Mains 200/250V A.C. side by side to a standard 19” x 7° 
front panel. 

High efficiency silicon junction 
rectifiers, series valves operating as 
pentodes and a ‘C’ core transformer 
to H2 specification ensure a minimum 
temperature rise within the unit. 
Insulated carbon and vitreous wire 
wound resistors are used throughout 
and the conservative design permits 
continuous operation at full load 
even when the mains are permanently 
+10% from nominal. 


eo 








eoooeso cool o Cee e-900000 
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SRKRRELBS 


M26 30-500 -S&5 
M26A 200 0-500 5&5 
M36 250 0-500 5&5 
M36A 300 0-500 5&5 
M27 150 50-1-0A 5&5 
M27A 200 0-1-0A > S&S 
M37 250 0-1-0A 5&5 
MI7A 300 0-1-0A 545 
™29 150 100-2-0A 545 
M29A 200 0-2-0A 5&5 
M39 250 0-2-0A 5&5 
M39A 300 0-2:0A 545 


ecooeeeooc°° 
6066005606666 
eoooooooococeo 
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M SERIES 
Open chassis units 


Since their introduction some years 
ago, these chokeless supplies have 
firmly established their superiority 
over more conventional circuits. 
Their smaller size—excellent high 
frequency performance and stable 
operation down to at least | c.p.s.— 
reliability at elevated temperatures 
and safe operation for +10% mains 
changes—coupled with the highest 
engineering standards confirm the 
“M” Series as the first choice in 
stabilised units. 


Front panel units 


The front panel units have been 
designed for use with standard 19° 
racks. The panel is finished in 
B.S.S.632 grey (or any other colour 
at no extra cost) and houses the 
handles, mains and H.T. switches, 
fuses and indicator lamps. The input 
and outputs terminate om Plessey 
Mark 4 connectors (or any suitable 
alternative if requested) at the rear of 
the chassis. 


V SERIES nregutatea 
variable voitage units 


A range of regulated variable voltage 
supplies for use on the bench or 
standard 19” racks. Minimum weight 
and low internal heat dissipation are 
obtained by using chokeless circuits, 
‘C’ core transformers, silicon junction 
rectifiers and series valves operating 
as pentodes. 


V50-50. An exceptionally stable 
decade controlled 0 to SOOV S00mA 
unit. A fixed 250V SOmA negative 
rail and two 6.3V SA centre tapped 
windings are included. 


The decade system enables the output 
to be changed incrementally with a 
much greater accuracy than that 
obtained by normal methods. 


Price £137-10-0 ex-werks 


V50-20D. A 0 to SOOV 200mA 
unit (restricted to 150mA below 200V) 
of moderate performance. A regulated 
variable negative rail from 0 to 85V via 
a 100K potentiometer and two 6.3V5A 
centre tapped windings are included. 
A coarse control varies the output 
from 0 to SOOV in one continuous 
sweep and a fine control is included. 


Price £69-10-0 ex-works 


2V35-25. A very compact unit 
D.C. OUTPUT (FLOATING) | A.C. OUTPUTS IN | EFFECTIVE | % VOLTAGE | R f SIZE IN INCHES £x-worns containing several regulated output 
| ma | AMPS. CALL 6-3¥) | Resistance?! sTasniTy | |} «x ox MT % © voltages. There are two 0 to 350V 
B SERIES RUGGED RELIABLE UNITS 250mA sections (restricted to 150mA 
} a below 200V) which may be operated 
B101/150 | } A : - 
B10! /200 | separately, in parallel or in series. 
B101/250 | Each section has a coarse control 
B101/300 to vary the output from 0 to 350V 
B101/350 in one sweep and a fine control is 
B102/150 included. A fixed 250V 50mA negative 
B102/200 | rail and two 6.3VSA centre tapped 
B102/250 windings are provided. 
5162/380 Price £175-0-0 ex-werks 
B!02/350 
B103/150 
Bi03/200 
B103/250 
B103/300 
B103/350 350 





MODEL 





Mode ond gucrenteed by 

ROBAND ELECTRONICS LIMITED 
BEULAH WORKS, BEULAH ROAD 
THORNTON HEATH, SURREY 

Teleph UVings the 


ecceeoeeoeeooeoeeoso 
eoooeoeoooeoooco 
ecooeeoeoeoooooco 


eeeceeoeeeoeoeooeee? 


























SEPTEMBER 1961 ELECTRONIC ENGINEERING 





EE 37 112 for further details 


a unique source of 
INFORMATION on 
scientific instruments 


There are two kinds of knowledge; knowing and ‘knowing where to find out’. With science and tech- 
nology developing so rapidly no one can hope to be fully informed on every worthwhile new technique 
or new equipment. 
Here are three ways in which ‘knowing whicre to find out’ can help you: 
(1) If you already know the answer to your problem but don’t know who makes the 
most suitable equipment SIMA can tell you. 


(2) Ifthe answer to your problem depends on whether someone has already developed 
suitable equipment, SIMA will know if it exists and can tell you where to get it. 


(3) If you just have a problem, SIMA can often tell you whether someone has already 
found the answer to it and has developed equipment to meet it. 


Where do SIMA get their information? 


From two sources. One is The British Scientific Instrument Research Association (BSIRA) which is 
constantly engaged in research and maintains extremely comprehensive libraries and files. The other 
is the membership, consisting of over 180 companies engaged in all these fields of instrumentation: 


OPTICAL & OPHTHALMIC LABORATORY & ANALYTICAL 
ELECTRONIC & NUCLEONIC MEDICAL & X-RAY 

ENGINEERING & INDUSTRIAL KINEMATOGRAPHIC 
NAVIGATIONAL & SURVEY PROCESS CONTROL & AUTOMATION 


The Scientific Instrument Manufacturers’ Association could be your most valuable source of such 
information and you will find them very helpful on any question about scientific instruments. 


the SIMA enquiry service 


Over 180 manufacturers with one address 


SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIATION OF GREAT BRITAIN 
20, QUEEN ANNE STREET, LONDON, W.1. 


Telephones—Secretariat Langham 4251 Enquiry Service Imperial 6000 


Space donated by member: RANK CINTEL LIMITED 
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TRANSISTOR 
AUDIO 
OSCILLATOR 


TYPE 421 


.++ covers the range 20c/s to 20ks/c 


with a high degree of amplitude 


and frequency stability 


APPLICATION 


This fully-transistorised instrument affords 

a continuously variable frequency coverage 

over the range 20 c/s to 20 ke/s. An 

exceptional frequency stability, virtually 

unaffected by temperatures and supply voltage 

variations, has been achieved. The low 

distortion, together with the internal 

battery and mains power units, make it ideal 

for use in the field or the laboratory. 

Frequency Range: 
20 c/s to 20 kc/s in three 
ranges. 


° istor r n 
_%& All-transistor operatio Acturacy: 


*% Performance comparable with thermionic 43%. 
valve instruments. : 


* Low distortion. | 

* High stability. 

* No warm-up period. 

* Freedom from microphony. 


* Self-contained batteries and mains 
power unit. 


Output: 
Variable up to 2.5V r.m.s. into 
6002. 


Output Level 
Constant within 0.5dB. 


Distortion: 
Less than 1% 


Output Meter: 


* Very low power consumption. Calibrated 0 to 3V r.m.s. 


Other fully-transistorised cena instruments 


include—A.C. Milliclamp Type 618, Phase Meter 
Type 630, Cy Rage Meter Type 715, Vibration 
eter Type 1431. 





Power Supply: 
100-125V and 200-250V, 50-60 
c/s, 2W approx. or self- 
contained batteries (eight Ever 
Ready Type U.11 or equivalent), 


Mounting: 
Extremely compact and port- 
able black moulded cabinet 
fitted with a universal handle 
which can be used as an 
adjustable stand. 


Dimensions: 
6 in. wide x 5} in. deep x 83 in. 
high. (10} in. over handle.) 


Weight: 
5? Ib. approx. with batteries. 


Technical data forwarded on request: DAWE INSTRUMENTS LTD. 
WESTERN AVENUE, ACTON, LONDON, W.3. 


A MEMBER OF THE San GROUP OF COMPANIES 








Telephone: ACOrn 6751 
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GARR FASTENER GO LTD 


Stapleford, Nottingham. Telephone : 
Sandiacre 2661 Telex 37637 


LONDON 195-197 Gt. Portland Street, 
London, W.1. Museum 9361-5 


SEPTEMBER 1961 


choose Ginch 


Sor eatra security 


Ever Ready use Cinch Plug and Socket Terminals 
and Snap Connectors on their Transistor Radio 
batteries . . . because the special Cinch designs 
ensure trouble-free polarised connections, which are 
precision made for a lifetime of sturdy, secure 
service. 
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Tokyo Japan 
Cable Address: “HITACHY” TOKYO 
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To supply the continuous flow of accurate functional information on which 
efficiency in every field of industry depends today, smitus Industrial Division 
provides appropriate instruments and installations for indicating, counting, 
controlling or recording such variables as speed, time, flow, pressure, 
temperature, quantity, volume and quality. If you have an information problem 
concerning the functioning of any equipment, however difficult, let us send a 


Technical Representative to see you. Even if the answer does not already 


exist, we can probably evolve it. 





| SMITHS 


INDUSTRIAL 
DIVISION 


The Industrial Division of 

S. Smith & Sons (England) Ltd., 

Chronos Works, North Circular Road, 

London, N.W.2. Telephone: GLAdstone 6444, 
@ SID AI 
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EXTRA HIGH 
SENSITIVITY 


INSTRUMENT TUBE 5CLP31 


THE FIVE-INCH instrument tube SCLP31 has a deflection sensitivity of 
1.85V/cm with a useful y scan of 6 cm. A special system of shielding 
the post deflection field from the deflection plates in this tube allows 
p.d.a. ratios as high as 15 to | to be used without pattern distortion. 
The extraordinary deflection sensitivity achieved with such high p.d.a. 
ratios profoundly affects oscillograph design. Bandwidths can be 
increased, amplifiers simplified and power supply requirements reduced. 
Write to the address below for full details of ‘ ETEL’ Instrument Tube 
type SCLP31. 


P.d.a. ratios of 15:1 possible without pattern distortion. 

Sensitivity 1.85V/cm with useful y scan of 6 cm. 

Sensitivity substantially independent of final p.d.a. voltages from 10 to 15 kV. 
High sensibility — only 200 mV for a deflection of one spot-width. 

Versatility — by simply aitering one electrode potential the SCLP31 may be 


converted from a very sensitive tube to a higher writing speed tube — pulses may be 
first examined and then a single shot photograph taken. 


Abridged data 
This is tentative. Final daia is being prepared. 
5-INCH FLAT FACED PRECISION OSCILLOGRAPH TUBE SCLP3!. 





Capacitances 

Cx’~x” ve << anor Cy’-y” a , .— avg 
Cx’-all (x” earthed)... ~— eee Cy’-all (y” earthed)... ... 4.3 pF 
Cx”—all (x’ earthed) ... cs ae Cy”-all (y’ earthed)... ... 4.0 pF 


Compare conditions shown in typical operation below 

1 and 2 to see how deflection sensitivity is maintained over range of Va4 and Vas. 
1 and 2 with 3 for a slightly lower sensitivity condition giving higher brightness. 
2and 4 for the reduction required in Va4 potential to achieve higher writing speeds. 


1 2 3 4 

Vas ia sac “es a 10kV 15kV 15kV 15kV 
Va4 a sania ba ae 10kV 15kV 15kV 3kV 
Va3 ‘ia bes vie pen | 1kV kV 1.5kV 1kV 
Va2 for focus... aon ine 250V 250V 375V 250V 
Val ate Bits ‘ae jae IkV 1kV 1.5kV IkV 
Vg (for cut-off) ... a os 28 to -60V | -28 to -60V | -42 to -90V | -42 to -60V 
1.85V/cm 1.85V/cm 2.7V/cm 2.7V/cm 
7.5V/cm 7.5V/cm 11.2V/cm 11.2V/cm 
Line width ee ane ai Imm Imm <Imm <Imm 
iy 6cm 6cm 6cm 4cm 
(x 10cm 10cm 10cm 6.6cm 


Deflection sensitivity 


Useful screen area 


(The green medium persistence phosphor used by E.T.L. has now been designated 
P31. It is exactly the same as the E.T.L. phosphor previously called P1.) 





CATHODE RAY TUBES 


ELECTRONIC TUBES LIMITED 
80 NEW OXFORD STREET * LONDON WCI ~ Tel: LANgham 0800 
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A NEW 


=) PHILIPS 


TOOL 
FOR THE INSTRUMENT 
SERVICE ENGINEER 


Philips H.F. Service Oscilloscope GM 5600 has been 
expressly designed for the needs of the Instrument 
Service Engineer in Industry, Telecommunications, 
Radio and Television. It is a compact, readily portable 
equipment. 


Y Amplifier 

— DC coupled amplifier up to 5Mc/s, 

— Sensitivity adjustable between 50 mV/cm and 20V/cm in 
steps (accuracy 4°) and continuously. 


Time Base 

— Sweep speeds between 0.5 usec/cm and 180 msec/cm. 

— Stable triggering up to 1M ‘cs. 
Adjustable trigger-level or “‘automatic”’ triggering. 

CR.t. 

— 7 cm flat faced C.R.T. with 1.6 kV . H.F. Service 
accelerating voltage. = : : Oscilloscope 

a Type GM 5600 


The range of Philips Oscilloscopes 





Vertical amplifier Time base 





Band Width Sensitivity Input Sweep Speeds Magnification Trigg./Sync 
to -3dB per cm. Impedance 





DC -5 Mc/s 50 mVp-p IMQ//45yyF 0.5 usec/cm - 
+ 4% 180 msec/cm 
(a) 





DC -5 Mc/s 100 mVp-p 0.5MQ//35uyuF 0.5 wsec/cm - 
+ 3% 0.2 sec/em + 3% (a) 
(a) (b) 











3 c/s-14 Mc/s 75 mVp-p 0.5MQ//1l2upuF 0.2 usec/cm - 2x, 5x (a) Trigg./Sync 
+ 2% 10 msec/cm + 3% (a) 

| (a) (b) 

isiqnatantemaainite 
} 








DC - 14 Mc/s 50 mVp-p IMQ//25yuyF 0.2 wsec/cm - Trigg./Sync 13cm 
t 3% 1 sec/em + 3% (a) 10.0kV 
(a) (b) (c) 





DC - 300 Ke/s 10 mVp-p 1MQ//20-50uuF 2.5 wsec/cm — 
3% 1 sec/cm (a) 
(a) (b) 


2.0kV 





DC - 1 Mc/s 100 mVp-p 1IMQ//15-40yuF 2 wsec/cm - - Sync 10cm 
+ 3% 500 msec/cm + 5% 2.0kV 























(a) Direct calibrated (b) Calibration standards) incorporated (c) Differential input 





Sole Distributors in the U_K. 


RESEARGH & CONTROL INSTRUMENTS LTD Instrument House, 207 King’s Cross Road, London, W.C.1. TER 2877 
SRL AY, | St CE SLL OT ELE A ANT Se RRR 
(RCLOO74) 
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Co-ordinate Positioning 
-at a glance! 








BRITISH 


TURRET PUNCH PRESS MODEL R.61 


This heavy duty press is designed for rapid, accurate and economical 
piercing of blanks up to 100” x 60” with minimum handling of the material. 
No marking-out is required, all apertures being located by co-ordinate 
settings. The blank is positioned relative to the punch by two handwheels, 
one controlling lengthwise and the other crosswise dimensions, which 

can be read at a glance from direct reading counters. A chart indicates 

the next settings and the turret position also. Up to 6” dia. can be 

pierced in 4” mild steel plate. 


Throat depth 33”. 26 turret stations. 
Maximum punch dia. 6”. Punching pressure 80,000 Ibs. 
Motors: 3 HP. main, 4” HP. turret. 


Send for illustrated brochure EE/197 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Tel WESTERN 8077 (8 lines) Telex: 23182 Grams. ACCURATOOL LONDON TELEX 
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The award for Outstanding Engineering 
Achievement presented by the 
American National Academy of 
Television Arts and Sciences to the 
English Electric Valve Company Limited 
for their work in developing the 44 inch 
image Orthicon. 

With this presentation comes the 
distinction that it is the first occasion 
that the award has been presented 
anywhere outside the United States 

of America. 


“ENGLISH 





ELECTRIC 


IMAGE 
ORTHICONS 


Used by broadcasting stations 
throughout the world to 
provide better picture quality 
than ever previously attained 


3-in. and 44-in. tubes 

for Studio, Outside Broadcast 

and Medical applications. 
AGENTS THROUGHOUT THE WORLD 


Teler ele) el CH elms ford 3497 


ENGLISH ELECTRIC VALVE CO. LTD. 


Chelmsfor 
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INSTRUMENTS LTD 


R. F. BRIDGE 

For 

instant 
measurements 
in 


5 directly calibrated ranges 


Incorporating Built-in Crystal ;Controlled Source 
and Detector, the Hatfield LE300A R.F. Bridge 
also measures any three terminal network 


Price: £158 


The wide range of high quality Hatfield instruments includes: 
Stabilised D.C. Power Unit D.C. Amplifier 

A.C. Power Supplies 

R.F. Variable Attenuators Coaxial Switches 

Valve Milli-voltmeter Balanced Crystal Modulator 


Write for fully illustrated colour brochures 





First with Wide Band R.F. Transformers 


Dept. EE, BURRINGTON WAY, PLYMOUTH, DEVON 
Telephone: Plymouth 72773 Telegrams: Sigjen Plymouth 
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Now Available .. . 
to extend the versatility of the 
HATFIELD BRIDGE—a full range 
of 


Adaptors 
for 
Transistor Measurements 
Ask for Specification Sheets for these and 
other special purpose units. These latter 


include a newly developed Ultra Low 
Impedance Type. 


Illustrated below: 
Type LE304 x 10 Multiplier. 
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NOW FROM GENERAL ELECTRIC COMPANY, U.S.A° 
An all hard solder 70 amp silicon rectifier 


This 70 amp silicon rectifier offers these six \ 6) and extremely low forward voltage drop. 
very important features for power-supply For more complete information, contact 
applications requiring d-c outputs as high International General Electric Company of 
as 70 amps per rectifying element at rms New York, Ltd., Lincoln House, 296-302 High 
input voltages up to 420 volts: 1) freedom from Holborn, London W.C. 1, England; or write to 
thermal fatigue; 2) higher PRV capabilities; 3) International General Electric Company, De- 

partment EC-61-02, 159 Madison Avenue, New 
York 16, N. Y., U.S.A. 
{ 


higher current surge capabilities; 4) very low 
leakage; 5) greater uniformity from cell to cell; 


matched oxide-bonded ceramic seal the possibility of leaks. 


--- protects against thermal shock, 
cycling; enhances electrical stability, 
low leakage current. 


Hermetic seal . . . Kovar metal to 6 Welded tube seal protects against 
a 


Silicon pellet...highly efficient junc- 
tion design minimizes forward volt- 
Welded main seal...maximum pro- cm Sep. 
tection against housing leaks. 


Hard soldered joints ... maximum 
protection against failures caused by 
thermal fatigue, high-temperature 
storage. 


RATINGS AND SPECIFICATIONS *General Electric Company, U.S.A., is not con- 


(Resistive or Inductive Load Single Phase 60 cps, Sinusoidal) nected with the British company of the same name. 


$JA70B 4JA70C 4JA70D 4JA7OE 4JA70M CAT NO. 


Max Allowable Peak Reverse* 

Voltage (Repetitive) 200 300 400 
Max Allowable Transient Peak 

Reverse Voltage (5 millisec Max) 

Duration (T; =0°C to 200°C) 300 400 525 800 volts 
Max Allowable Voltage (RMS) 140 210 280 420 voits 
Max Average Single Phase 

Forward Current (Ts =150°C) 70 70 70 
Max One Cycle Non-Recurrent 

Peak Surge Current 1600 
Avg. Forward Voltage Drop 

At 70 Amps DC Single Phase 

(Ts =150°C) Full Cycle Average 0.45 
Max Instantaneous Leakage Current 

At Rated PRV (in Milliamperes) 24 24 21 16 
Max Junction to Stud 

Thermal Resistance 0.5 0.5 0.5 0.5 0.5 
Operating and Storage Temp. Range 

(Junction) —40 to +200 —40to +200 —40to+200 —40to+200 —40to +200 *c 
Stud Torque 100 100 100 100 100 In-Lbs. 


600 volts 


ADC 


0.45 
ma 


°C/Watt 


*Rating assumes rectifier ceil heat sink of less than 3°C/ Watt. 
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EE 37 124 for further details 


good reasons 

why you'll 

prefer to 

work with the #uigiurme 


4 CHANNEL 
OSCILLOSCOPE 


~T~. FOR VIEWING, COMPARISON 
f \ AND MEASUREMENT OF FOUR 
) SEVERAL RELATED WAVE- 
Xi} = FORMS SIMULTANEOUSLY 








TIME AND VOLTAGE CALIBRA- 
TION 


TIME BASE EXPANSION 





RIGID SYNCHRONIZATION 


TYPE 249 


This Airmec Oscilloscope can be applied \ TRIGGERED OPERATION 
to multiphase control systems, pulse . 4 
generators, time base circuits, computers, 





etc. 
Four separate cathode ray tubes mounted 


one above the other and operated from a _ CAMERA AVAILABLE 


common time base. 
Four identical Y amplifiers with maximum IMMEDIATE \ DELIVERY 


la inshumentation 
A l Utes w2kes most Uhings.... better 


AIRMEC LIMITED - HIGH WYCOMBE - BUCKS. TEL. HIGH WYCOMBE 2501-7 
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Commentary 


TT’ ELEVISION line standards and the introduction ot 

colour are questions which are still bubbling merrily 
and ones on which the Pilkington Committee must, by 
now, have vast quantity of evidence The 
two questions are of course closely inter-related and the 
decision as to whether or not colour should be intro- 
duced must be preceded by the decision on whether we 
should retain our 405 line standard or whether we should 
change to the 625 line standard. The swing backwards 
and forwards has received another gentle push in either 
weeks: in the 405 direction by the 
General Electric Co. Ltd and towards 625 by Pye Ltd 
(which is forwards which is backwards is, at the 
moment, anybody's guess) 

The G.E.C. contribution consisted of a privately spon- 
sored Television Exhibition where, in addition to show- 
ing their products and those of their related companies 
(Sobell and McMichael), they demonstrated monochrome 
and colour receivers on 405 and 625 lines and using both 
the NTSC and SECAM systems They also issued a 
booklet entitled ‘The Facts about Line-Standards and 
Colour Television’ and in this they set forth a number 
of questions together with the answers as they see them. 
In line with the Television Reception Policy Committee 
of the Radio Industry Council, whose members are res- 
ponsible for the production of some 80 per cent of 
television receivers in this country, they down 
heavily in favour of retaining the present 405 line system 
and of initiating a colour service on this standard 

The Pye contribution came in the form of a comment 
by their Chairman, Mr. C. O. Stanley, on the occasion 
of the announcement by the Irish Republic of their deci 
sion to change over to a 625 line standard. Mr. Stanley 
said, * Britain is now completely out on a limb as regards 
the export of television sets. This means that soon there 
will be no country in the world using the same standard 
as Britain. Bang goes the last of our television export 
markets!" 


amassed a 


direction in recent 


and 


come 


Mr. Stanley, of course, is no fool and he no doubt 
has very sound reasons for his point of view. It is not, 
however. the opinion held by the majority of setmakers 
who point out that they are already manufacturing and 
marketing receivers overseas for standards other than 
our own and that in any case there are parameters other 
than line standard, such as polarity of modulation type 
of audio modulation, mains voltage and frequency etc 
In any event it seems that the export market for tele- 
vision receivers would be unlikely to play a significant 
part in the National economy since the majority of coun- 


tries which support a television service also have an 
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industry which is capable of and to supply the 
domestic market 

The G.E.C. stand is on well trodden ground and stated 
briefly it is that the very large cost to the nation of a 
change in line standards would not bring adequate com 
pensation in terms of increased exports, picture quality 
or ease of international distribution of programmes 

Dealing with the last point first, it has already been 
very amply demonstrated by the Eurovision Service that 
differing standards present no very real barrier to inter- 
national distribution. Looking further ahead, to the 
probably not too far distant day when world-wide distri 
bution of programmes will be possible, it is quite appar- 
ent that the difference in standards is a matter that will 
have to be accepted for the chance of obtaining world- 
wide standardization is quite negligible 

Regarding picture quality the G.E.C. go so far as to say 
that the quality with 625 lines may not be even as good 
as that on 405 lines. This rather paradoxical statement 
is based on the fact that a changeover to 625 lines would 
necessitate the use of the u.hf. bands and it is known 
from recent American and German experience that this 
poses a number of difficult reception problems 

On the subject of colour the G.E.C. have interposed 
another slight complication as they tend to advocate the 
use of the SECAM system as opposed to the NTSC 
system. The SECAM system (Sequential and Memory) 
is alternatively known as the Henri de France system 
and has previously been described in this journal*. The 
potentialities of the SECAM system are undoubtedly con 
siderable and it could well make possible the production 
of cheaper colour television receivers, although at the 
present time any circuit economies are likely to be 
swamped by the high cost of the three-gun cathode-ray 
tube itself. Indeed, although there is considerable pres- 
sure for the introduction of a colour service it seems 
unlikely that it will ever become very popular unless the 
problem of the actual presentation of the colour picture 
can be solved in a more economic manner. 

All in all the Pilkington Committee appear to have a 
most unenviable job on their hands The mass of 
evidence placed before them must be enormous and the 
arguments put forth on all sides sincere and persuasive: 
and in the end whatever conclusions they come to will 
involve them in severe criticism. It may be somewhat 
out of place, and for a technical journal even heretical. 
but nevertheless one is tempted to ask, does it really 
matter or not whether our cowboys are better defined o1 
our indians really red? 


eager 


* The Henri de France Colour Television System. Electronic Engng. 32 
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A FOURIER TRANSFORM GENERATOR 


By G. F. Newell*, A.M.LE.E., and W. K. E. Geddes*, M.A 


(Part 1) 


An electronic 


device is ‘described which, when coupled to a suitable oscilloscope, will display the 


sine- or cosine-transform of any function capable of being represented at least approximately by 


not more than forty-one ordinates spaced at equal intervals of the variable. A 


further limitation 


is that these ordinates be arranged so that not more than twenty are positioned on each side of 
the reference point or zerv of the variable 


(Voir page 620 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 627) 


SOURIER analysis and synthesis is well established as 
one of the most useful mathematical tools at the dis- 
posal of scientists and engineers, whose work deals so 
often with the properties of wave motion. Unfortun- 
ately, the use of the Fourier transform entails laborious 
computation unless the function to be transformed can 
be expressed in a closed form leading to readily soluble 
integrals. It was thought that the existence of a device 
capable of displaying the Fourier transform (f.t.) of any 
function which may. be 
represented by not more 
than forty-one ordinates, 
would encourage engineers 
to undertake the solution 
of problems which might 
otherwise be avoided. The 
device enables the follow- 
ing and similar problems 
to be solved: 
(1) Given a_ function 
of time, it is re- 
quired to find the 
spectrum which 
corresponds to it. 
Given the spec- 
trum, it is required 
to find the  func- 
tion of time which 
gives rise to it 
The device to be des- 
cribed was originally con- 
structed in order to de- 
crease the time required 
to carry out the routine 
Fourier transformations 
which are necessary for 
the assessment of optical 
lenses used in television’ Fig. 1. 
The original idea was put 
forward by G. G. Gouriet. The f.t. generator as finally 
constructed has since proved useful in such problems as 
the convolution. of two functions by taking the inverse 
Fourier transform of the product of the transforms of the 
two original functions and in obtaining the Hilbert trans- 
form of a function 
Fig. | is a photogfaph of the generator, which shows 
all the operating controls. The function to be trans- 
formed is plotted on the front panel by setting the forty- 
one adjustable markers to represent the ordinates of the 
function at equally spaced values of the abscissae, the 


* The British Broadcasting Corporation 


ELECTRONIC ENGINEERING 


Fourier transform generator 


central marker corresponding to the zero value of the 
abscissae. The sine- or cosine-transform is displayed cn 
the screen of a suitable oscilloscope when the switch 
marked * SINE/COSINE’ is set to the appropriate position 
The time required to operate the instrument is reduced 
to that required to plot the original function by means 
of the adjustable markers, and that required to read and 
transpose the transform displayed on the oscilloscope 
screen. The accuracy with which the transform may 
be obtained is of the 

order of +1 per cent 

and the *instrument 

retains this accuracy 

over a period of many 

months without adjust- 

ment, because only tran- 

sistors and passive net- 

work components are used 

in its construction. Less 

accuracy in the trans- 

forms must be expected 

if the apparatus is used 

for ‘unsuitable functions.’ 


Theory and Application 
BaSic PRINCIPLES 

A ‘suitable’ 
function of a 
extending 
limits X 
be analysed 
monic 
cosine 


restricted 
variable a 
between _ the 
and + X 

into a_har- 
series of sine and 
functions of the 
variable x; this series will 
represent the function cor- 
rectly within the interval 

oa X The 
amplitude of any particu- 
lar cosine term P, or sine 
term Q, Is given by 


can 


f(x) cos dx 
X 


rer 


f(x) sin —dx 


QO, = (1/2X)| ‘ 


= 
where the sums (P, + P_,) and (Q Q-;) 
respectively the amplitudes of cosine and sine compon- 
ents of the r‘* harmonic. The value of P, for r O is 
the amplitude of the constant component in the transform 


represent 
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of f(x). Numerical methods are sometimes used and 
these amount to replacing the continuous integrations in 
equation (1) by a summation of discrete values of the 
integrand. 


] 
P, {A 


, COs nré + A_; cos ré 


A, cosr# + Ay COS nrf) 


(A_, sin nré.. + A_, sin ré 


0 + A;sinré.. + A, sin nré) (25) 


(2n+1) and the A’s are the selected ordin- 
ates of f(x). Equations (2) apply when the method of 
sampling is as used in Fig. 2, where there is an odd 
number of samples and the end ones A-, and A,» are 
spaced from the limits of the variable by half the normal 
spacing between ordinates. The effect of altering this 
arrangement of sampling is dealt with later. Equations 
(2) can be reduced to 


where 6=27 


) cos rf + (A2+A-2) cos 2r6 4 


P [A,+(A\+A 
(An+A 


) cos nré)} 


+ (A A 


) sin 2ré 4 


+ (A, — A-,) sin nré] (3b) 


In numerical solutions of this type oniy integral values 
of r are normally used, but equations (2) and (3) are valid 
for all values of r although, obviously, when ré exceeds 
2= the functions P, and Q, are repetitive. When the 
normal sine and cosine tables are replaced by a machine, 
it is simpler to consider r as a linear and continuous 
function of time. In other words, if r is replaced by 
wt/@, cos mré becomes cos mwt. The value of » can be 
chosen for convenience of design or instrumentation. 

For the cosine transform P; a constant term propor- 
tional to A, and a set of n harmonic cosine waves is re- 
quired; by this is meant that when the lowest-frequency 
wave is passing through a positive maximum, all the 
harmonics are passing through positive maxima. 
Similarly, for the sine transform, a set of nm harmonic sine 
waves is required: i.e., all the waves pass through zero 
with a positive slope at the same time as the lowest- 
frequency wave does so. If a set of potential dividers 
is provided, so that the amplitudes of the cosine or sine 
waves can be adjusted to be proportional to the ordinates 
of f(x) as in equations (2) and (3), and if the cosine waves 
are added to the constant component, the magnitude of 
P. can be obtained for all values or r as a continuous and 
periodic function of time. Similarly, the summation of 
the sine waves will produce Q, for all values of r. If 
these output waveforms are displayed on an oscilloscope, 
the time-base can be calibrated in terms of r, and either 
P. or Q, read off for any value of r. 


also 


PRINCIPLES OF CONSTRUCTION AND OPERATION 

The unit comprises forty-one potential dividers of which 
forty control the amplitudes of twenty harmonically re- 
lated sinusoidal waveforms and the remaining one con- 
trols the constant component, which, in fact, is periodic- 
ally interrupted for the convenience of display. Each 
potential divider provides positive or negative polarities 
of its associated ordinate for positions of its slider res- 
pectively above or below the central position. The 
potential dividers consist of straight vertical strips of 
resistive material, 20in (SOcm) long, arranged side by side 
on the rear of the front panel; the sliders are adjustable 


SEPTEMBER 1961 


from the exterior. Each harmonic wave is supplied to 
two potential dividers symmetrically disposed about the 
central divider, which controls the constant term; the 
lowest-frequency waveform is connected to the two 
dividers immediately adjacent to the central one. The 
other pairs are connected to the harmonic waveform 
sources in such a way that the frequency of the waveform 
increases as the distance from the centre increases. The 
sinusoidal waveforms can be made available as cosine 
or sine waves by means of a switch on the side of the 
instrument case. When this switch is in the * COSINE 

position the waveforms from all the sliders are added to 
form the output transform P,. When the switch is in the 
‘SINE’ position the central potential divider is discon 
nected and the sum of the waveforms from sliders on the 
left side of the panel is subtracted from the sum of the 
waveforms from the right side, as required by equation 
(3b) 


DD 
COMPONENT 


<b. OF fix 


's 


An asymmetrical function with its even and odd components 


The operational procedure amounts to plotting the 
function f(x) on the front panel by suitably positioning 
the adjustable markers, as illustrated in Fig. 1, 
tarily depressing a switch labelled ‘Reser’ and, by 
of an appropriately labelled switch, selecting either the 
cosine or the sine transform for display on the associated 
The operation of the ‘reset’ switch has 
no theoretical significance in the process of obtaining the 
transform; it is necessary because of the method used to 
obtain the series of sinusoidal voltages. It must be 
stressed that the fact that the output functions P, and Q, 
are presented as functions of time in no way restricts the 
use of the apparatus to functions of time; it is an analogue 
device which operates upon a function of any variable « 
by means of sinusoidal functions of time. Provided that 
the output display is treated as an analogue and the time- 
base is appropriately calibrated in terms of r, there is no 
restriction in the dimensions of the quantity represented 
by x 

Having dealt with the basic operation, there are now 
two refinements to describe. The output is suppressed 
for every alternate period of the fundamental frequency, 
so that a repetitive display on the oscilloscope will include 
a horizontal line indicating the axis of abscissae. The 


momen 
means 


oscilloscope. 
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A FOURIER TRANSFORM GENERATOR 


By G. F. Newell*, A.M.LE.E., and W. K. E. Geddes*, M.A. 


(Part 1) 


An electronic device is ‘described which, when coupled to a suitable oscilloscope, will display the 
sine- or cosine-transform of any function capable of being represented at least approximately by 


not more than forty-one ordinates spaced at equal intervals of the 


variable. A further limitation 


is that these ordinates be arranged so that not more than twenty are positioned on each side of 
the reference point or zerv of the variable 


(Voir page 620 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 627) 


~OURIER analysis and synthesis is well established as 
one of the most useful mathematical tools at the dis- 
posal of scientists and engineers, whose work deals so 
often with the properties of wave motion. Unfortun- 
ately, the use of the Fourier transform entails laborious 
computation unless the function to be transformed can 
be expressed in a closed form leading to readily soluble 
integrals. It was thought that the existence of a device 
capable of displaying the Fourier transform (f.t.) of any 
function which may be 
represented by not more 
than forty-one ordinates, 
would encourage engineers 
to undertake the solution 
of problems which might 
otherwise be avoided. The 
device enables the follow- 
ing and similar problems 
to be solved: 
(1) Given a_ function 

of time, it is re- 

quired to find the 

spectrum which 

corresponds to it. 

Given the spec- 

trum, it is required 

to find the  func- 

tion of time which 

gives rise to itt. 

The device to be des- 
cribed was originally con- 
structed in order to de- 
crease the time required 
to carry out the routine 
Fourier transformations 
which are necessary for 
the assessment of optical 
lenses used in television’ Fig. 1. 
The original idea was put 
forward by G. G. Gouriet. The f.t. generator as finally 
constructed has since proved useful in such problems as 
the convolution of two functions by taking the inverse 
Fourier transform of the product of the transforms of the 
two original functions and in obtaining the Hilbert trans- 
form of a function. 

Fig. | is a photograph of the generator, which shows 
all the operating controls. The function to be trans- 
formed is plotted on the front panel by setting the forty- 
one adjustable markers to represent the ordinates of the 
function at equally spaced values of the abscissae, the 
* The 
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central marker corresponding to the zero value of the 
abscissae. The sine- or cosine-transform is displayed cn 
the screen of a suitable oscilloscope when the switch 
marked * SINE/COSINE’ is set to the appropriate position 
The time required to operate the instrument is reduced 
to that required to plot the original function by means 
of the adjustable markers, and that required to read and 
transpose the transform displayed on the oscilloscope 
screen. The accuracy with which the transform may 
be obtained is of the 

order of +1 per cent 

and the *instrument 

retains this accuracy 

over a period of many 

months without adjust- 

ment, because only tran- 

sistors and passive net- 

work components are used 

in its construction. Less 

accuracy in the trans- 

forms must be expected 

if the apparatus is 

for ‘unsuitable functions.’ 


used 


Theory and Application 
Basic PRINCIPLES 

A ‘suitable’ 
function of a 
extending 
limits X 
be analysed 
monic 
cosine 


restricted 
variable x 
between _ the 
and + X 
into a_har- 
series of and 
functions of the 
variable x; this series will 
represent the function cor- 
rectly within the interval 

a Se X The 
amplitude of any particu- 
lar cosine term P, or sine 
term Q, 1S given by 


can 


sine 


f(x) cos dx 
X 


rrr 


f(x) sin Xx dx 


where the sums (P, P_.) and (Q Q_,) represent 
respectively the amplitudes of cosine and sine compon- 
ents of the r‘* harmonic. The value of P, for r O is 
the amplitude of the constant component in the transform 
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of f(x). Numerical methods are sometimes used and 
these amount to replacing the continuous integrations in 
equation (1) by a summation of discrete values of the 
integrand. 

nr6..+A 


cos cos re 


A.+Aicosré..+Ay, 


cos nr@) 


» Sin nré + A_, sin ré 


sinr#.. + A, sin nré) (25) 


0 4 


_ 


where 6=27/(2/1+1) and the A’s are the selected ordin- 
ates of f(x). Equations (2) apply when the method of 
sampling is as used in Fig. 2, where there is an odd 
number of samples and the end ones A-,» and Ap are 
spaced from the limits of the variable by half the normal 
spacing between ordinates. The effect of altering this 
arrangement of sampling is dealt with later. Equations 
(2) can be reduced to 


P [A,+(A\+A 


) cos rf +(Ao+A_») cos 2r6 + 


(A,+A 


}cos nr ] 


)sin 2r6 4 


A_,) sin r@+{(A Ad 


+ (A, — A-,) sin nréj (3b) 


In numerical solutions of this type only integral values 
of r are normally used, but equations (2) and (3) are valid 
for all values of r although, obviously, when ré exceeds 
2 the functions P, and Q, are repetitive. When the 
normal sine and cosine tables are replaced by a machine, 
it is simpler to consider r as a linear and continuous 
function of time. In other words, if r is replaced by 
wt/@, cos mré becomes cos mut. The value of » can be 
chosen for convenience of design or instrumentation. 

For the cosine transform P; a constant term propor- 
tional to A, and a set of n harmonic cosine waves is re- 
quired; by this is meant that when the lowest-frequency 
wave is passing through a positive maximum, all the 
harmonics are also passing through positive maxima. 
Similarly, for the sine transform, a set of nm harmonic sine 
waves is required: i.e., all the waves pass through zero 
with a positive slope at the same time as the lowest- 
frequency wave does so. If a set of potential dividers 
is provided, so that the amplitudes of the cosine or sine 
waves can be adjusted to be proportional to the ordinates 
of f(x) as in equations (2) and (3), and if the cosine waves 
are added to the constant component, the magnitude of 
P. can be obtained for all values or r as a continuous and 
periodic function of time. Similarly, the summation of 
the sine waves will produce Q, for all values of r. If 
these output waveforms are displayed on an oscilloscope, 
the time-base can be calibrated in terms of r, and either 
P. or Q, read off for any value of r. 


PRINCIPLES OF CONSTRUCTION AND OPERATION 

[he unit comprises forty-one potential dividers of which 
forty control the amplitudes of twenty harmonically re- 
lated sinusoidal waveforms and the remaining one con- 
trols the constant component, which, in fact, is periodic- 
ally interrupted for the convenience of display. Each 
potential divider provides positive or negative polarities 
of its associated ordinate for positions of its slider res- 
pectively above or below the central position. The 
potential dividers consist of straight vertical strips of 
resistive material, 20in (SOcm) long, arranged side by side 
on the rear of the front panel; the sliders are adjustable 
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from the exterior. Each harmonic wave is supplied to 
two potential dividers symmetrically disposed about the 
central divider, which controls the constant term; the 
lowest-frequency waveform is connected to the two 
dividers immediately adjacent to the central one. The 
other pairs are connected to the harmonic waveform 
sources in such a way that the frequency of the waveform 
increases as the distance from the centre increases. The 
sinusoidal waveforms can be made available as cosine 
or sine waves by means of a switch on the side of the 
instrument case. When this switch is in the * COSINE 

position the waveforms from all the sliders are added to 
form the output transform P,. When the switch is in the 
‘SINE’ position the central potential divider is discon 
nected and the sum of the waveforms from sliders on the 
left side of the panel is subtracted from the sum of the 
waveforms from the right side, as required by equation 
(3b) 


An asymmetrical function with its even and odd components 


[he operational procedure amounts to plotting the 
function f(x) on the front panel by suitably positioning 
the adjustable markers, as illustrated in Fig. 1, momen- 
tarily depressing a switch labelled ‘RESET’ and, by means 
of an appropriately labelled switch, selecting either the 
cosine or the sine transform for display on the associated 
oscilloscope. The operation of the ‘RESET’ switch has 
no theoretical significance in the process of obtaining the 
transform; it is necessary because of the method used to 
obtain the series of sinusoidal voltages. It must be 
stressed that the fact that the output functions P, and Q, 
are presented as functions of time in no way restricts the 
use of the apparatus to functions of time; it is an analogue 
device which operates upon a function of any variable x 
by means of sinusoidal functions of time. Provided that 
the output display is treated as an analogue and the time- 
base is appropriately calibrated in terms of r, there is no 
restriction in the dimensions of the quantity represented 
by x 

Having dealt with the basic operation, there are now 
two refinements to describe. The output is suppressed 
for every alternate period of the fundamental frequency, 
so that a repetitive display on the oscilloscope will include 
a horizontal line indicating the axis of abscissae. The 
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second refinement consists of the provision of a brilliance- 
modulation waveform which permits the transform dis- 
played on the oscilloscope to appear as spots located at 
integral values of r. This is achieved by brightening the 
oscilloscope display whenever r = w(t t.)/@ has in- 
creased from wf./# by an integral value. For the present 
purpose f, is defined as the instant in time when all the 
cosine Waves are simultaneously at their positive maxima. 
This could obviously be arranged to occur for various 
values of 6, that is, for various spacings between the 
brightened samples, and, in fact, 6 has been taken as 
equal to 27/40 rather than 27/41 as used in equation (2). 
The reason for this choice is not fundamental, but is a 
practical one connected with the availability of a suitable 
waveform. This restricts the use of the brightening 
facility to cases where the function f(x) is divided into 
forty equal subdivisions of x. If forty-one ordinates are 
used, two must coincide with the extreme values of x 
and must both be halved in magnitude. This 
with more fully in a later section. 

The brightened spot at the centre of the symmetrical 
display of a cosine transform represents the value of P 
because the spot occurs at the time when all the cosines 
are at their positive maxima and their instantaneous sum 
is proportional to the mean ordinate. The sine waves are 
all at zero at this instant so the value of Q, is always 
zero. The adjacent spot occurs when the argument or 
phase of the fundamental has changed by 27/40 or 6 
radians (positive if the spot to the right of the centre is 
chosen), the second harmonic has changed by 26, the 
third by 36; thus when r 1-0 the sum of these harmonic 
waveforms is the (spotted) amplitude of the lowest fre- 
quency component of the harmonic series forming the 
transform. The next spot occurs after a similar time 
delay and registers the 
amplitude of the second 
frequency component of 
the series. In this way all 
the amplitudes of the har- 
monic components of the 
transform are immme- 
diately apparent. 

The amplitudes of these 
components are the ampli- 
udes of the transform at 
the integral values of 
“cycles per 2X’ of the 
variable x. If, for exam- 
ple, the variable x was in 
fact ‘time’ and the inter- 
val —X to X represented, 
say, two microseconds, the 
transform would consist of 
amplitudes at integral 
values of cycles-per-two- 
microseconds. Thus the 
horizontal spacing  be- 
tween brightened spots 
would each _ represent 
S00kc/s. If, for a second 
example, the variable x 
was in cycles/second and 
the interval A to ZX 
represented a _ frequency 
difference of one mega- 
cycle /second, the horizon- 
tal spacing between spots 
would represent cycles per 


is dealt 
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m 
Fig. 3. Method of sampling using - 


TRANSFORM 


megacycle/second or microseconds of time. 

If f(x) is a periodic function, the transform consists 
only of the discrete values given by the brightened spots. 
If f(x) is discontinuous and consists only of the ordinates 
plotted and is zero at all other values of x, including the 
values between the ordinates plotted, the transform will 
be a continuous periodic function of which one complete 
period is shown on the c.r.t. display. The brightness must 
be increased, however, if the smooth curve representing 


' the continuous periodic function is to be seen. In this case 


the brightness spots can still be used as a calibration of 
the horizontal axis. 

The third case of interest is that where f(x) is a function 
which is zero for all values of x outside the region —X 
to X but which is continuous within these limits. The 
transform for this case is not periodic, but is continuous 
and is approximated by one complete period of the dis- 
play with the brightness increased to show the continuous 
curve. The closeness with which the transform is ap- 
proximated depends on the accuracy with which f(x) is 
represented by the ordinates chosen 


RESTRICTIONS IMPOSED BY SAMPLING 

To obtain the most advantage from the transform 
generator the function f(x) should be divided into forty 
equal intervals of x and the magnitudes of f(x) at the 
boundaries of the intervals should be plotted. The ex- 
treme end ordinates should be plotted at half magnitude 

The samples will only represent the function f(x) :f it 
contains no Fourier component having a period less than 
26x, where 6x is the interval between samples. The dis- 
continuous transforms obtained with the aid of the 
brightening spots should be accurate up to the nineteenth 
harmonic component. The _ twentieth component is 
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Fig. 4. Method of sampling 


sampled twice per cycle; in the case of the cosine trans- 
form these samples all coincide with the maxima, so the 
amplitude will appear double; the samples will all coin- 
cide with zeros in the sine transform, so that the twentieth 
sine component will always be zero, irrespective of the 
actual amplitude. 

The function represented by the series of ordinates can 
be produced by replacing each ordinate by a continuous 
function, 

sin(x — x))nz/2X 


fi(x) 4 . 
(x — xi)nz/2X 


where nm equals the number of the intervals of x into 
which f(x) is divided and A; is the magnitude of the 
ordinate being replaced by f(x). These functions will 
each be centred on the value of x corresponding to the 
ordinate being replaced and will have zero amplitude at 
every value of x corresponding to the other ordinates. If 
the sum of all these functions closely approximates to the 
function being sampled, the transform will closely ap- 
proximate to the desired transform. 

This can be seen by reference to Fig. 3 which shows, 
at the top, a function f(x) assumed to consist of a finite 
sum of (sin x)/x type waveforms. One of these, f,(x) is 
shown centred on the zero value of the variable x. The 
cosine transform g.(p) of f.(x) is given by 

~ 


“sin wx / Ax 


gp) . COS(2z px). dx 


TX / OX 


(4) 


where 6x is the spacing between ordinates along the x axis 
and A, is the amplitude of the ordinate at x = 0. The 
transform g.({p) has a finite value 


g(p) = Aodx for 1/(26x) < p< 1/Qé6x) .... (5S) 


and is zero outside this range. The sine transform is zero. 
If the (sin x)/x waveform is displaced from being centred 
on the zero value of x by an amount néx, the transform 
can be shown, by means of the Heaviside Shift Theorem, 
to consist of a cosine transform, g.(p).cos 2n7péx and a 
sine transform, g,(p).sin 2 If the shift is to the 
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using rectangolar functions 


left of the zero position, the sign of the amount of shift 
considered to be negative, and as shown at the 
3, the sine transform changes polarity as 
compared with the transform resulting from a_ similar 
shift to the right. It will be seen that the transforms of 
the samples all consist of a rectangular envelope modu- 
lating a cosine or sine wave having a frequency propor 
tional to the distance of the sample from the zero value 
of the x The rectangular envelope need not modu- 
late each cosine or sine wave individually but can operate 
on the sum. This, in fact, is the method used in the f.t 
generator! 


nox 1S 
bottom of Fig 


aXis 


The assumption that a function can be represented by 
a finite number of equally spaced (sin x)/x waveforms 
implies certain restrictions. First, the function must not 
contain any Fourier components having a period shorter 
than twice the spacing between the samples. This means 
that the transform is restricted to finite limits which, in 
turn, means that the original function extends to infinity in 
each direction of the variable x. For a function of in 
finite duration to be represented by a finite number of 
samples requires that all other sampling points must coin- 
cide with zero amplitude. This requires the function to 
be oscillatory beyond the limits of the finite samples and 
to have a period of oscillation exactly equal to twice the 
sampling interval. 


These restrictions will not always be applicable so that 
the function represented by the samples will, in general, 
only approximate to the original function 


There is another form of sampling. which, although 
not incorporated in the device being described, is worthy 
of some interest. If the function f(x) is represented by 
ordinates which, as shown in Fig. 4, are each assumed 
to represent the height of a rectangle having a width equal 
to 6x, the spacing between samples, it is possible for f(x) 
to be entirely restricted between limiting values of x 


One such rectangle centred on the zero value of x 
(Fig. 4) can be considered as 


f(x) = Ao [H(x + 6x/2) — H(x — 6x/2)) (6) 


+A) has a value of zero 
cosine trans- 


where the Heaviside unit step H(x 
for x< A and unity for x > —A. The 
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form of this function f,(x) is 


SIN T7poXx 


g (p) Ax 
TpPOXx 


(7) 


The sine transform is zero. As in the previous example, 
a shift in the position of f,(x) on the x axis by an amount 
nox results in the transform g,(p) having the two com- 
ponents 


sin 7 pox 


a cosine transform A,.4éx 


7 pox 


sin 7 pox 


a sine transform AX 
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Fig. 5. Error function caused by sampling at a discontinuity 


Again it is seen that the transforms of the rectangular 
samples all consist of identical envelopes, of (sin x)/x 
shape, each modulating a cosine or sine wave having a 
frequency proportional to the distance, along the x axis, 
between the position of the sample and the zero value of x 
The Fourier transform generator could be modified to 
use this form of sampling by modulating the combined 
output from the potential dividers with a waveform ap- 
proximating to 
Sin pox 
pox 
between any required limits of x instead of chopping with 
the square wave as previously described. 
If the output from the potential dividers was passed 
through a suitable modulating stage and, by means of a 
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two-position switch, the appropriate modulation waveform 
selected, both methods of sampling could be incorporated 
In this case, operating the switch would immediately show 
if the method of sampling was appreciably affecting the 
transform. It might be necessary to decide which otf 
the two transforms was the more accurate by deciding 
which of two sampling methods more closely represented 
the original function. 

One further refinement might be worth considering if 
the method using rectangular samples was incorporated 
This concerns the case where the function f(x) has a dis- 
continuity at the zero value of x. Such a case is shown 
in Fig. 5(a). 

The ordinate at x 0 has zero magnitude, so that the 
actual function represented by the rectangular samples 
is as shown in Fig. 5(b). Ideally, the central ordinate 
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Typical functions and their transforms 


should not be zero, but should be able to represent the 
sample f.(x) shown in Fig. S(c). This sample has the 
transform go(p) shown in Fig. S5(d) where, 


sin"(z pdx / 2) 


Lol p) A.Ox 


(7 pox 2) 


(9) 


The omission of this component from the complete 
transform may not, in general, be serious because the 
maximum value of equation (9) is approximately 
0:725A.6x at p 0:745/dx and A, is only one of forty- 
one ordinates. If, however, the function f(x) approxi- 
mates to 1/x, the error can be very serious and the dis- 
played transform is a triangular wave instead of the 
correct transform which is a square wave. The error 
could be eliminated by arranging that, when the generator 
is switched so as to produce sine transforms, a waveform 
approximating to the g.(p) of equation (9) is added to 
the generator output. The amplitude of this waveform 
could be controlled by the central potential divider, which 
is not otherwise used in obtaining sine transforms. A very 
close approximation can be achieved by using the wave- 
form A, sin (2zpé6x/3) between the limits I/x<p<l/x 
Because this sine wave would have the phase 
only during every third period of the output waveform, 
it would be necessary to suppress the other two periods 


correct 
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[his further complication may appear to make the 
method using rectangular samples unnecessarily compli- 
cated, but it must be remembered that the function shown 
in Fig. 5(a) could not be handled by the method using 
(sinx)/x samples. It contains Fourier components having 
too short a period for the finite sampling interval, and 
must be modified to the * sine-integral’’ shape characteris- 
tic of the step function with a restricted transform. The 
transform so obtained would, of course, be correct for 
the function of Fig. 5(a) up to the transform limits im- 
posed, i.e. +1/26x. 

Fig. 6 summarizes diagrammatically the types of func- 
tion which can be dealt with by the device and the way 
in which the output waveform should be interpreted. For 
simplicity, twenty-one ordinates are shown instead of 
forty-one, also, the functions shown have a point sym- 
metry about the abscissa zero, and so have sine trans- 
forms only. Fig. 6(a) shows a discontinuous function con- 
sisting only of the ordinate values. In this case the con- 


Ultrasonic Flaw Detector for Railways 


The inspection of rails for flaws and cracks is an obvious 
application of ultrasonic techniques but until recently, the 
development of suitable ultrasonic apparatus which could be 
brought to a rail track for the inspection of rails in situ has 
teen a difficult problem. 

However with the advent of transistors it has become 
possible to reduce the power consumption requirements of such 
apparatus to a considerable degree, and miniaturization tech- 
niques have enabled lightweight instruments to be produced. 

One such instrument weighing only 5lb and operating from 
dry batteries has recently been developed in the United States 
by Branson Instruments Inc. of Stamford, Connecticut. 

With this instrument, an operator works along the track 
sliding the transducer, which is mounted on a long handle, 
along a single rail at a time. Faults in a rail are indicated by a 
change of note in headphones worn by the operator 

A similar instrument but having increased facilities has been 
designed by the French National Railways in conjunction 
with Rochar Electronique. This instrument, which is partially 
transistorized, simultaneously tests both rails of a track and is 
capable of detecting both longitudinal and transverse cracks 
in a rail. 

The instrument is mounted on a lightweight trolley which is 
moved along the track by the operator. A single vertical and 
two transverse transducers are mounted in a single unit which 
can be accurately located on each rail by a patented device 
known as a sledge. 

Reflections from the transducers, which act both as trans- 
mitters and receivers, are displayed on an oscilloscope carried 
on the trolley and variations in the pattern produced provide 
a visual indication of faults in the track. 

To simplify the operation of the instrument an audible 


The ultrasonic flaw detector 
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tinuous and periodic output waveform is the required 
transform. If the oscilloscope is arranged to display one 
complete period of the output waveform this will represent 
one cycle of the periodic transform. Fig. 6(b) shows a 
continuous aperiodic function with its transform which 
is also continuous and aperiodic. This transform can be 
approximated by one period of the continuous output 
waveform. 

Fig. 6(c) shows a function which, while existing only 
for discrete values of the variable, x is also periodic. In 
this case the transform is periodic and also consists only 


of discrete values 


Fig. 6(d) shows a continuous and periodic function with 
a transform consisting only of discrete values as indicated 
by the brightened spots on one period of the output wave- 
form. The transform is zero everywhere outside the limits 
enclosing this one period 


(To be continued) 


alarm circuit is incorporated which operates when a variation 
in pattern is detected. This feature reduces fatigue on the part 
of the operator and at the same time increases the speed of 
inspection and testing. 

The total power consumption for the whole apparatus is of 
the order of SOW and is provided by a 12V accumulator 
carried on the trolley. 


Electronic Defrosting of Fish 


The first full scale production dielectric defrosting plant in 
the world for the thawing of frozen fish has just been put into 
operation by Ross Foods Ltd. at one of their Grimsby process- 
ing factories. The plant, using r.f. industrial generators pro- 
duced by Pye Process Heating, of Cambridge, was designed in 
response to urgent demands by the fishing industry, and is 
based on the results of research carried out by the Torry 
Fishery Research Station of DSIR. 

The increasing practice of deep-freezing catches in trawlers 
at sea, or of sending a factory ship to accompany a fishing 
fleet, has underlined the shortcomings of existing methods of 
defrosting. In the past, this has been done by passing hot water 
or air over the slabs of frozen fish, or immersing the fish in 
tanks of warm water. Besides being uneconomical and very 
slow, these methods led to uneven heating of the fish. The new 
technique results in completely consistent thawing throughout 
the mass, with simple and accurate control of final temperature. 

The new plant is built on the modular or unit system, and 
consists of three tunnel ovens in series, each powered by a 
12kW industrial r.f. generator energizing a balanced ir of 
electrode plates situated in each oven. The frozen fish slabs 
pass through the ovens on a continuous conveyor belt 32in 
wide beneath a balanced pair of electrodes. Greater through- 
puts can be obtained by adding further generator-oven units 
and by increasing the belt speed accordingly. 

Each generator is of rugged design and employs the latest 
type of water cooled industrial power triode valve in a Colpitts 
circuit. The generators operate on the internationally assigned 
band of 27°12Mc/s. 

Each generator energizes its associated pair of electrodes 
from a balanced output circuit so that there are no earthing 
difficulties with the fixed lower electrode. Heavy circulating 
currents are restricted to the vicinity of the electrode assembly 
by the employment of a local parallel tuned circuit. 

The only adjustments required in operation are to match the 
speed of the belt to the energy input required for various 
types of fish, and to tune the electrodes by air-gap variation. 

Early results achieved with the plant have been remarkable, 
particularly as regards the consistency of the process. Frozen 
slats of imported filleted herrings, for example, weighing 10Ib 
each and about 24in thick, are loaded at a temperature of 
between —20°F and —30°F; they traverse the ovens in about 
12min and emerge at just below freezing point. Normally 
there is less than one degree variation between the tempera- 
tures of any two points in a slab, or from one slab to another 
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A Fast Numeral Reading Machine 


By G. Fougere*, 


The purpose of this machine is to read groups of three decimal digits 
Printing increases the transmission of light through the tape 


printed on special foam plastic tape. 


by about 30 times and recognition is obtained by a two-dimensional array of solar cells. 


J. Preston*, and R. Farnswortht 


which have been impact- 


Present 


use is limited to a rate of 180 characters per second although the system is capable of reading 

several thousand characters per second. By usinga high level of information redundancy, it has 

been possible to maintain the error rate below 0-01 per cent as well as to accommodate a wide range 
of printing quality. 


(Voir page 620 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 627) 


HE consumption of electricity by a domestic user is 

measured on an integrating kilowatt-hour meter and 
charges are generally based on a sliding scale which offers 
cheaper rates with increasing usage. 

Industrial users, however, are not only charged on an 
energy basis but also in relation to their peak demand 
or the arithmetic mean of, say, the three largest demands 
in any given period. Printing power demand meters 
have been developed to record consumption at fixed time 
intervals ranging from a few minutes to several hours. 
The output data is ink printed, three digits to a line, on 
white paper tape and subsequently transferred on to 
punched cards by key punch operators. The volume of tape 
generated has increased sufficiently to justify automatic 
transfer from tape to card, and it was to satisfy this 
requirement that the numeral reading machine has been 
developed. 


System Requirements 

In normal accounting procedures, it is necessary to 
transfer all the numbers appearing on a tape to IBM 
cards or merely a few numbers which are related to the 
maximum demands in a given period. [he rates at 
which these requirements can be met are limited on the 
one hand by the input capacity of an IBM key punch 
and by tape handling and character recognition processes 
when the system is used otherwise. Rates of 15 and 150 
characters per second were adequate for present needs 
although the system to be described is potentially capable 
of much faster operation. The need to accommodate a 
wide range of printing quality without exceeding an 
allowable error or reject rate of 0-01 per cent necessi- 
tated the development of a special tape and a character 
font in which there was a high level of information re- 
dundancy. The tape, normally opaque and green in 
colour, is rendered translucent by the impact of a printing 
wheel upon whose peripheral surface are cast the ten 
numerals. Visible transmission through the tape is 
increased approximately 30 times by normal printing. 
The tape consists of a layer of glassine sandwiched by 
a film of polyethylene on one side and a layer of green 
dyed nitro-cellulose lacquer on the other. Glassine is a 
special, highly hydrated paper whose thickness for this 
application is approximately 0-002in. Cellular air spaces 
in the lacquer are crushed by the printing impact, the dye 
is dispersed across the glassine surface and the tape as a 
whole becomes relatively transparent. Depending mainly 
on the spectral distribution of the light source and sensor, 


* Arthur D. Little Inc 
+ General Electric Company, New 


Massachusetts, U.S.A 
Hampshire, U.S.A 
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the luminous transmission increases in the range 30:1 


to 50:1. 

A rectilinear font was chosen in order to accomodate 
most easily the accumulation of mechanical tolerances of 
character position on tape and of tape position in the 
optical head. In Fig. I(a) the characters of this font are 
shown and in Fig. I(b) are some of the variants which 


Fig. 1. (a) Font chosen 


(b) 100 of the 185 variants of font 
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3rd digit 


superimposed 


Fig. 2. Cell array 


must also be recognized without error. Recognition is 
achieved by sensing the constitution of a character on a 
two-dimensional array of photovoltaic cells, the active 
areas of which are shown in Fig. 2. Silicon pn solar cells 
were chosen for this task. There are thirteen discrete 
areas sampled in each character and since 2' 8 192 it 
is apparent that the level of redundant information is high 
relative to the minimum requirements, which are satisfied 
by four areas, i.e. 2* 16 10. The variants of each 
character were the result of applying arbitrarily chosen 
rules of possible printing degradation; namely, that there 
could be an omission of: 
(1) Any vertical 
(2) Any horizontal 
(3) Either pair of adjacent corners. 
(4) Any one area. 


line 
line. 


The above taken one at a time, and also 


(5) That there could be an addition of any one area 


to a nominal character. 

By such means it was pos- 

sible to accommodate all the 

degradations which had been 100 
encountered in earlier print- 


"Visible 
spectrum 


Tape response 
a8 


Solar cell 
response 


ANGSTROMS «iO? 
Fig. 3. Spectral response curves 
were accurately positioned relative to the character. By 
sensing the arrival of these pairs of dots, it was possible 
to determine that the line of characters was correctly 
positioned and, therefore, ready to be read. Five such 
lines are printed to the inch, giving rise to a recognition 
rate of 150 characters per second at a tape velocity of 
10in/sec. 


Description 
Optics 

[he optical platform consisted of a lamp, an infra-red 
trap, a projector lens, the solar cell array, pre-amplifiers 
and the transport mechanism. Since the spectral res- 
ponse of a silicon solar cell extends into the near infra- 
red, Fig. 3, and the tape transmission rises by a factor of 
four between 7 000A and 9 OOOA, Fig. 3, it was necessary 
to choose a light source whose energy was primarily 
in the visible spectrum. Notably superior to the alter- 
natives is the Osram XBO 162 Xenon continuous dis- 
charge lamp which has a distribution characteristic also 
shown in Fig. 3. The rising output in the near infra-red 
was compensated by a lin water trap and an orange 
filter. The XBO 162 requires approximately 20kV to 





ing trials f 
A desirable feature was ae 

that the tape should be read 

while in continuous motion 

rather than during the inter- 

vals between discrete steps: 

the tape velocity of 10in/sec 

together with some _ irregu- 

larity of line spacing would 

otherwise have placed a con- 
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of any line of characters with 
reference to the solar cell 
array, the first of the three 
characters on each line was 
provided with a pair of regis- 
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Fig. 4. Arrangement of the equipment 
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Fig. 5. (a) Cirevit for the solar cells 
characteristic 


(b) Conductance 


initiate a discharge which, once established, was main- 
tained at a direct current of 7A at 21V. Some resistive 
ballast is required in order to prevent an incipient run- 
away which is caused by the negative resistance character- 
istic of this lamp. Provided that adequate isolation were 
provided between the a.c. striking and d.c. sustaining sup- 
plies, it is apparent that a power transistor would con- 
stitute an economical current source for such lamps. 


ELECTRONIC CIRCUITS 
For descriptive purposes, the translator may be divided 
into three parts; namely, 
(1) Solid state circuits. 
(2) Drive circuits to the IBM key punch. 
(3) Arithmetic and counting circuits which made use 
of Dekatrons. 

The principal constituents of the first part are shown 
in a block diagram, Fig. 4. The functional mode may be 
better understood after reviewing the operation require- 
ments. Each line of input data consists of three decimal 
digits and a pair of registration dots which are arrayed 
perpendicular to the direction of tape travel. Printing 
density is approximately five lines per inch. At the in- 
stant when both registration dots are correctly positioned, 
it is required to sample the constitution of all three digits, 
store the information, serially process each digit, reset all 
stores and then await the arrival of the next pair of 
registration dots. During this time the maximum demand 
unit must compare the outgoing three digits with the 
number already retained (or 000 if starting up) and retain 
the new number if it is the 
larger. An alternative mode 
of operation requires that the 
IBM _ key punch produces 


a es Se | 





cards which contain all the 
information on a _ tape. 
Methods chosen for satisfy- 
ing these requirements are 
described next. 

At the moment when cor- 


have been processed, the 
storage circuits are cleared 
and the system awaits the 
arrival of the next pair of 
registration dots. 

All solar cells are used 
in conjunction with pnp 
transistors in the common 
emitter configuration, and 
gating is applied to the 
collector circuit through 
gold bonded germanium 
diodes, Fig. 5(a). Since 
incident energy levels are 
low (~10-*W/cm*), the 
cells must be designed with 
the object of maximizing the open-circuit output voltage 
rather than the short circuit-current. This is due to the 
approximately exponential relationship between base- 
emitter voltage and collector current in a transistor, Fig 
5(b); it can generally be assumed that at least SOmV must 
be available at the base before a change in collector cur- 
rent occurs which is substantial relative to the thermally 
dependent saturation current at normal ambients. Two 
outstanding advantages lie in this circuit arrangement, 
firstly the solar cell is equivalent at these energy levels to 
a voltage source of near Zero internal resistance, and this 
ensures that the transistor collector current is more nearly 
equal to its saturation current than to £ times this amount. 
This maximizes the ratio of light to dark current in the 
collector circuit. Secondly, the dynamic response is 
almost independent of input level within the range of 
interest and is observed to be less than SOQusec or at least 
one order of magnitude better than typical photo-conduc- 
tive response. The solar cell has also the advantages of 
being available in a wide range of sizes, and it is a 
characteristic that the sensitivity distribution over the 
surface has a standard deviation of about 10 per cent 
This property is valuable since the need to accomodate 
considerable tolerances of character position on the array 
requires that the cells have several times the area of an 
intersection between a character and a cell. 

The circuits are powered from two conventionally regu- 
lated supplies of 10V, one of which is positive and the 
other negative. All bistable and monostable circuits are 
suspended between these supplies in a manner such that 
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rect tape registration occurs 
all solar cell pre-amplifiers 
are gated on and their out- 
put signals are stored in 
associated bistable circuits. 
This data is then time- 
sequentially scanned out 
through the recognition 

















matrices and fed both to the 
maximum demand unit and 
also to error detecting cir- 
cuits. When all three digits 
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the output potentials change polarity by at least 2V, Fig. 
6. This ensures that all gating circuits operate between 
well-defined levels and obviates the need to provide either 
supplementary bias or isolating diodes. 

Logical functions in the recognition matrix are per- 
formed by cascaded NoR circuits using the common 
emitter configuration. About fourteen variants of each 
character have to be recognized and each character com- 
prises up to thirteen bits of information. Problems asso- 
ciated with the accumulation of tolerances and the 
provision of adequate safety factors were resolved by 
limiting the number of inputs per Nor to thirteen, eight 
and two, respectively, as shown in Fig. 7. Transistors 
used for this circuit were the General Electric 2N397 
whose excellent saturation characteristics were used to 
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Fig. 7. Recognition matrix 


advantage in these Nor’s. Under typical conditions the 
collector saturates at 0-07V while providing substantial 
current gain at a collector current of 5mA. 


The power input requirements of the IBM key punch 
were satisfied by two techniques depending on whether 
the punch interposer solenoids were modified or not. In 
standard form the punch requires that an earth connexion 
be made for Il4msec to the input terminals which are 
normally at +175V. During this period a current of 
150mA flows through the solenoid winding. Such a task 
is not conveniently performed by a transistor but is well 
suited to the characteristics of silicon controlled rectifiers. 
Two disadvantages exist, however: namely, the present 
high cost and the need to provide ‘turn-off’ power. It 
is more convenient to rewind the solenoids so that opera- 
tion is achieved at 3A from a supply of 10V. 

Relevant circuit arrangements are shown in Fig. 8. The 
first, Fig. 8(a), is a standard circuit in which the catch 
diode MR, is across the solenoid in order to limit the 
peak collector voltage to 10V. This has a disadvan- 
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tage because the collapse of current in the solenoid 1s 
retarded as soon as MR, conducts. In the second ar- 
rangement, Fig. 8(b), a Zener diode MRZ, is added in 
series with MR, and its breakdown potential V is chosen 
so that the sum of V and 10V is less than the transistor 
punch through potential. When the transistor is on, 
forward conduction in MRZ, is inhibited by MR). Release 
time of the solenoid can be improved appreciably by this 
simple, if costly, technique. 


In the third scheme, Fig. 8(c), a silicon control rectifier 
(s.c.r.) is suitable for direct application when aided by a 
pair of transistors, one for the purpose of switching on 
the s.c.r. and the other for turning off. A current limited 
pulse is applied to the switch electrode by the npn tran- 
sistor, the s.c.r. conducts and its anode potential falls 
almost to zero. Once in the saturated state, the s.c.r. can 
only be made non-conducting either by breaking the cur- 
rent circuit or by a reverse bias applied to the anode 


t t 


a F uaz 
Solenoid & Solenoid S) 


* pur 


Vsiticon 
controlled 
x rectifier 


isolating 
capacitor 


c / 


Fig. 8. Drive circuits 


the pnp transistor is to draw enough 
the anode potential to fall below zero 
for the duration of the trigger period. Thereafter, the 
anode returns to +175V and the cycle may be repeated 
whenever necessary. 


The purpose of 
current to cause 


The arithmetic circuits of the maximum demand unit 
and the control counter made use of Dekatrons in order 
to satisfy the need for a visual read out. Consideration 
was given first of all to the solid state possibilities, parti- 
cularly of using transistors and an electroluminescent 
display. It was concluded that the Dekatrons were more 
economical and probably more reliable; a deciding factor 
was the delivery situation on electroluminescent panels 
which was long relative to the six months allowed for 
design, development and construction of this machine 
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Determination of Core Size in Pulse 
Transformer Design 


By C. F. Wilds*, Grad. LE.E. 


The article is concerned with pulse transformers designed to accept rectangular pulses and having 
a high, or moderately high step-up turns ratio. 

It is shown that a design chart may be constructed, from which are obtained the values of primary 
inductance, leakage inductance and distributed capacitance necessary to achieve a given output pulse 
shape. 

The information from the design chart, together with the relevant core material and coil configura 
tion data, are introduced in general terms, and it is shown that equations may be derived for the 
calculation of core cross-sectional area and magnetic path length. 


An example is given to illustrate the use of the method. 


(Voir page $20 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 627) 


NE of the many problems confronting the designer of 
pulse transformers is that of core selection. Existing 
literature’ ° is not entirely helpful. 


It is the purpose of this article to indicate a method 
whereby. an initial core size may be determined fairly 
easily, the core being defined in terms of cross-sectional 
area and mean magnetic path length, from a knowledge of 


Envelope of practical pulse 


Envelope of ideal pulse 


Oscillations may 
not be present 
On top or tail 


Fig. 1. Some of the terms associated with output pulse shape 
(2) Pulse 


specified for 3 


(1) Nominal output voltage duration, (3) Voltage to be attained 


n a specified time, (4) Time (5) Overswing, (6) Droop 


7) Voltage to be attained in a specified time, (8) Time specified for 


(9) Backswing (3, 5, ¢ and ¥ are usually quoted as a percentage of !) 


the required output pulse shape, core material charac- 
teristics and coil configuration. Although the method is 
based on pulse transformers designed to accept rectangular 
pulses and having a high or moderately high step-up turns 
ratio, it has a wide application. 

When a step-voltage is applied to the primary winding 
of a pulse transformer, the output voltage does not rise 
immediately to its nominal value (due mainly to the effects 
of leakage inductance and distributed capacitance) and 
when its full value is established, it tends to decrease with 
time (due mainly to the effect of finite primary inductance). 
Also, when the step-voltage is removed the output voltage 
does not fall immediately to zero (due mainly to the effects 
of finite primary inductance and distributed capacitance) 
Since these three stages of the output pulse are affected by 
different groups of transformer attributes, it is possible to 
adopt three different equivalent circuits and analyse them 
separately. 


* Atomic Weapons Research Establishment, Aldermaston 
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The following sections deal with the analyses of the 
pulse rise, top and fall, respectively, and the results are 
presented in a series Of graphs. Some of these graphs pro- 
vide information not readily found from other sources, 
and their range and accuracy will be found satisfactory for 
most cases. 


In the penultimate section equations are derived for the 
required core cross-sectional area and mean magnetic path 
length, based on known or estimated factors, Since only 
general terms are used, the results are applicable to all 
cases 

The results of the preceding four sections are corelated 
in the last section. By means of an example design it is 
shown that a design chart can be constructed, from which 
are obtained the values of primary inductance, leakage 
inductance and distributed capacitance to achieve a given 
output pulse shape 

Many different winding configurations have been used 
in the design of pulse transformers, and it is possible to 
include in this article only a small number of those used 
in practice. They will be found in Appendix | 





MAIN SYMBOLS 


(in?) 
(pF) 


Net core cross-sectional area 
Transformer distributed capacitance 
(Referred to primary winding) 

Load shunt capacitance 
(Referred to primary winding) 
Sum of Cp and C,’ 
Nominal pulse voltage across primary 
Winding layer length 
Transformer leakage inductance 
Transformer primary inductance 
Coil mean-turn length 
Core mean magnetic path length 
Transformer primary turns 
Source resistance (Q) 
Load resistance (Q) 
(Referred to primary winding) 
Parallel combination of R, and Ry’ 
Time 


(pF) 


(pF) 
(V) 
(in) 

(uH) 

(uH) 
(in) 
(in) 


(Q) 
(musec) 
Pulse duration (usec) 
- Core flux change due to pulse (Gauss) 
= Dielectric constant of interlayer material 
Core pulse permeability 
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A mean turn factor, Fm, is introduced in the penultimate 
section, and is more fully explained in Appendix 2. 

In Fig. | are illustrated some of the terms associated 
with output pulse shape. 


Pulse Rise 
For the period during which the output voltage is being 
established, the equivalent circuit of Fig. 2(a) may. be used. 
The response of this circuit to an input step voltage ‘s 
given by: 
VoRi { ; 
(R, + Ry y\ 


I . \ 
sinh[27Ser V (err 1)) 
V(l — 1/or?) 


a'\b 


evit) 


exp( 2eSura){ cosh[2eSu V(r 1)) 


V(b)t 
2710 


10°R, 
21 
10" 


| 
LG | 


Fig. 2. (a) Equivalent circuit for pulse rise 
(b) Graph for determining pulse rise waveshape 


When cr < 1 the circuit is oscillatory, and the response 

then is given by: 
VcR1 

(R,+ Rr) 


I | 
y 27S; \ (1 Tr) 
Villon? - De om 


To generalize the effects on pulse rise of variations in the 
elements of the equivalent circuit, ex(t)/Vo [1 +(Rs/Rv’)) 
is plotted against Sx for different values of op (See Fig. 2(b)) 


ev) 1 exp( 2eSurn} cos{2=5nV( or) 4 


First consider the factor Sr. 


V(b) t t 


Vi1+R,/Rr’ 
210° 22 Vilicr) 


Sr 
LiC1 (l 4n*) (1+ R, Rx’) (t/ Sr) 
Next, consider the factor or. 
CrR;Ry 10 
2V[LiCrRi (Rs 


L,10 
Ry’)] 


Expanding, re-arranging and solving for Li/Cr 


{ rr \ [Ri (Rs + Ry’) 
R.Rv’ \’ 
oe ff 


wy a/ \ 


+ 


Ly/¢ 
\ 10° 


or’ Ri (Rs+ Rv) 
\ 10° 


1961 


(3) 
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Equation (2) may be differentiated wrt. V(Li/Cr), 


giving a minimum value of oe when: 
Li./Ca R.Rx'/ 10° 


ee ee 


The specification of a pulse transformer usually includes 
the maximum time permissible for the output voltage w 
rise to some definite fraction of the nominal value. There 
is a corresponding value of Sz for each value of or, and 
curves are given in Fig. 3 for 10, 90 and 95 per cent. (The 
10 per cent values are useful when the rise-time is specified 
from 10 to 90 per cent.) 

Another requirement is the permissible overswing, and 


so that: 
(4) 


5 a — 
1 
- er 
“30 ‘le 


against S., to attain the specified percentage of 
nominal output voltage 


4. Values of 0; 


Fig. 4 shows the variation of overswing voltage with oe 
Note that for values of ow, > 1 there is no overswing 


Pulse Top 

Once the pulse nominal output voltage has been estab- 
lished, it is permissible to assume that the equivalent circuit 
The solution of this circuit is given 


of Fig. 5(a) prevails 


by: 
etl + Rs/Rij/Va = exp (t 10°Lo( 
R 


=] 


exp( —1R’/10°Lp) 


where R’ ( RRy 
R, + Ry’ 


Thus it is seen that the output voltage falls off with 
increase in f. 

Let D be the percentage droop at the end of the pulse, 
i.e. the amount by which the actual output voltage at the 
end of the pulse has fallen below the nominal output 
voltage 
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At the end of the pulse: against Sy for different values of wp and y. (See Fig. 6(b).) 
eft) (1 + Ry/Ri/Ve = [1 -(D/100)] = exp(— TR’/ Lp) For reasons which will be made clear later, it may be 
so that: noted at this stage that: 


1 V(b)t t 


‘os a : 
r= —TR’ eh [1 —D/1001 has 7. 


210° 2= V(LpCr) 


1 LpCy (1 / 42°) (t/ Sr) 
logh [1 —D/ 100] 


Fp = 





Then: x 
eS eee ere > 


For the values of D which are of concern, Fp will be 
positive. Fig. 5(b) gives a graph of Fp against D. 


50} 


100. ——_ 
\ 





5 
OD ‘per cent 


Fig. 5. (a) Equivalent circuit for pulse top 
(b) Graph of Fy, against D 


OVERSWING (per cent 


Fig. 4. Graph of overswing voltage (as a percentage of nominal output 
voltage) for different values of On 


Pulse Fall 

From the time when the applied voltage is removed, the 
equivalent circuit applicable ts that of Fig. 6(a). A good 
approximation for the resulting response is given by 





e.(t) = Vy exp( — 27Srorr) | cost (22Sr V(or 1)) 


sinh [27Sr V (ox ’ 
(b) Typical curves of pulse fall waveshape 


va 1 /or*) 


1+2 
“=X 01] ig. 6. (a) Equivalent circuit for pulse fall 


where V;, = voltage across load at end of pulse 





Ty VI , 

; 9 P r a/Vb (10°/2Rx’) V (Le/ Cr) 
V(b) t 
2710 


2R. 0 
TR Lp rs ( ( I I ) 
10 


and 10° /2CrR: 

b = 10"/LeCr The method of plotting the curves mentioned above 
results in great practical difficulty. It has been found that 
two other families of curves, derived from the equations 
already given, provide information which is more readily 

ev() V1 expt 2-Snrr)| cos [27S¢ Val rp’*)] usable. 
* The specification for a pulse transformer may include 
i: a [27Sp VOI rp’)] requirements regarding tail shape. Three limitations usually 
V(l/or 1) are imposed, and these are 
To generalize the effects on pulse fall of variations in the (1) The maximum time taken to fall to a pre-determined 
elements of the equivalent circuit it is usual to plot ex(1)/V; voltage level relative to nominal output voltage 


St 


When or < 1 the circuit is oscillatory, and the response 
then is given by 
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(2) The maximum backswing voltage permissible. 


(3) Whether or not the tail may have oscillations, and 
if so the maximum magnitude permissible. 


For limitation (1) above it is convenient to assume a 
linear fall of output voltage to zero. (This is not true if 
either Sp or y are small, but provided or > 0-5 the true 
time taken is always less than the estimated time taken 
assuming linear descent.) A family of curves relating Sro, x 


* 
x 


Fig. 7. Graph of sro (value of S.. when fall volts reach zero) against 


for various values of Cr 


-5S } 


-19 —. os ee ee Se 


Fig. 8. Graph of |. Vi (first negative peak on pulse tail) against 


for various values of 0; 


and or (where Spo is the value of Sp at the point where 
the backswing voltage waveshape crosses the zero output 
voltage line) is shown in Fig. 7. 


In the case of maximum backswing voltage in (2) above, 
usually it is necessary only to know the magnitude of the 
negative backswing peak, but not the time at which it 
occurs. Consequently a family of curves relating V sip) / V1, 
y and op (where Vpipx)/Vi is the peak backswing voltage 
ratio for the given values of y and or) is shown in Fig. 8 

The third item specified, ie. whether or not oscillations 
may occur, is best left until after consideration of the 
other aspects concerning the pulse. It should be noted that 
if no oscillations are permissible, it is necessary to ensure 
that or > 1. 
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A later section explains the application of the families 
of curves described above. 


Core Configuration 


Equations will now be derived for 
sectional area and magnetic path length. 


the core cross- 


The pulse transformer primary inductance is given by 

Lp = 0-032 Np’ A; M, uH (8) 

and for a rectangular pulse the primary turns are: 
Np = 15-5 ET/A:AB 


wit 
(9) 
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Fig. 9. Design chart for example 


so that 
Np’A 

substituting for Np*A; 

Lp 


(240/ A;) [ET / AB) 
in equation (8): 
(7-65 ur / AiM,) [ET / AB] iH 
or 

AM (7:65 MAUI Lp) [ET AB} 


Core volume. 


in (11) 


The leakage inductance (referred to the primary wind 
ing) of any coil may be written as: 

Li ky Ne*M-d/le wH (12) 
where d is as defined in Fig. 10, and ky includes all the 
necessary constants, and takes into account the particular 
winding configuration chosen. (See Appendix 1.) 

Also, the distributed capacitance (referred to the primary 
winding) of any coil may be written as: 
Cyn = k.eMilw/d pF (13) 


where k. includes all the necessary constants, and takes 
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Fig. 10. Typical coil winding configurations 


into account the particular winding configuration chosen 
(See Appendix 1.) 
It is convenient to relate M, and A; by: 





5 0O0OV 
Susec 


Pulse Nominal Output Voltage 
Pulse Duration 
Rise-Time to 90 per cent Nominal 


Voltage 500musec Max. 
Overswing Nil 
Droop 10 per cent Max. 
Fall Time to Zero Voltage 2usec 
Backswing 15 per cent Max 
Oscillations on Tail Nil 
Turns Ratio (Step-up) te 


Source Resistance 1000? 

Auto-connected. Type A2 

The remainder of this section is divided into two parts 
Firstly, a design chart has to be constructed, using the 
results of the first four sections of the article. Secondly, 
the results of the previous section, together with data 
from the design chart, are used in the selection of a suit- 
able core for the required transformer 


The procedure to be followed for the construction of 
the design chart, shown in Fig. 9, is now given 





Rx’ = 2 500/5 1000) 
also: 

LiCy (1 /4x°) [1 + 100/100] (1/ Sx) 0-05 (t/ Sp) (1) 
From this expression a table of values of LiCr against 
given values of (t/Sx) can be constructed as shown in 
Table 1 

TABLE 1 
Si 10° 10° lor | 
Ly 500 50000 5 « 10' | 








Using double-logarithmic graph paper, plot lines repre- 
senting the LiCyr products. Label with the appropriate 
t/S» values 


Now calculate 


100 
TRimin ( 0-707 (4) 
V \100 + 100, 


Fy = M./ V A; (See Appendix 2) (14) 
so that from equations (12), (13) and (14): and: 
Bale = Bika aN yA LIC or V [100(100 + 100))] {rn"100(100 + 100) 100 x 100) 
‘ f 12 I 1 + (3) 
and substituting for Np*A; (Equation 10 \ | 10° 10! 
(10)): . 
LiCn = 240 kike (Fm'e/ As) [ET / AB} [11/10) { V(2)rr V (Query 1)}] 

or 

A 240 kik. (Fwte/LiuCp) (ET/ ABP in (15) From this expression construct a table of values of Ly/Cr 


which establishes one of the required core dimensions. To 
obtain the other, divide equation (15) into equation (11) 
to give 
M EC op in 
31°3 ki keF yelp 

The application of the last two equations is discussed in 
the next section. 

It may also be noted at this stage that: 

Li./Cp (ki / ke) (Ne?) (d/ lw) 


(From equations (12) and (13)) 


(16) 


From which: 
leid Np V [(k1 k.) (Cp/L1) 1 /e)] (17) 
Application to Design 
It is now necessary to see how the results of the preced- 
ing four sections may be applied to pulse transformer 
design. To do this a hypothetical transformer will be con- 
sidered, and the assumed specification is as follows: 
Load Resistance 2 5000 
Load Capacitance 30pF 
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against given values of «pr as in Table 2 








TABLE 2 
Or 0-707 l z 3 4 
et 0-0583 0-30 0-70 1-26 
0-01 
C1 17« 10% 3-35 «10 14% 10°° 77-4 10°° 
On the design chart plot lines representing the Ly/C; 


quotients. Label with the appropriate or values 


The next consideration is the 500musec rise-time to 90 
per cent of nominal output voltage. Using the same values 
of «rp as in Table 2, refer to Fig. 3 and tabulate the corre- 
sponding values of Spx. Also calculate the ratio t/Sp (t 
S00musec) for each case, as shown in Table 3. 





TABLE 3 
on 0 707 2 3 4 
S; 0-42 0-62 1-41 2-18 2-90 
Sy 1190 807 355 230 172 
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On the design chart, taking the op lines in turn, plot 
the points representing the ¢/Sp values. (A scale of t/ Sn, 
as shown, is helpful in this respect.) The smooth curve 
drawn through these points is given the label 90 per cent. 


(Had the rise-time been specified as the period between, 
say, 10 and 90 per cent nominal output voltage, the pro- 
cedure is a little different. In Table 3 the value of Sr would 
be the difference between the 90 per cent and 10 per cent 
values, and t/Sr would be calculated accordingly, and 
plotted on the design chart.) 

Inspection of the design chart at this stage shows that, 
in order to meet the rise-time requirements, the values of 
Ly and Cy must lie in that area of the design chart within 
the 90 per cent curve, However, the specification states 
that there must be no overswing, and it is known that 
this condition can be met only if or > 1. Therefore, to 
meet both conditions specified, the values of Lr and Cr 
must lie in one of two areas. Area | is bounded by the 
upper limb of the 90 per cent curve, the upper ocr = 1 
line, and anywhere to the left. Area 2 is bounded by the 
right-hand limb of the 90 per cent curve, the lower og = 1 
line, and anywhere downwards. Usually it is more con- 
venient to use Area 2, and for two main reasons, (1) the 
lower value of Cy and higher value of Lr derived from 
Area 1 result in a winding having a larger mean turn 
length, compared with that obtained by using Area 2, 
and (2) where the load has a shunt capacitive component, 
this has to be subtracted from the value of Cy to give the 
transformer distributed capacitance, Cp. This leads to less 
practical core shapes than when Area 2 is used. 

However, the pulse top and pulse fall requirements may 
affect the choice of Ly and Cy, and these parts of the wave- 
shape are considered next. 

From Fig. 5(b) note the value of Fp corresponding to 
the specified 10 per cent droop. Then: 

Le =95 x5 x 0 =2375uH 


On the design chart draw a horizontal straight line at a 
level corresponding to the Lp value. Label ‘10 per cent 
Droop.’ It will be seen that if Lp exceeds 2 375uH the droop 
will be less than 10 per cent. 

Determination of the limitations to meet the pulse fall 
requirements is rather more involved. First, from equation 
(6) construct a table of values of LpeCy for given values 
of ¢/Sy as in Table 4. 

TABLE 4 


t/Se 108 10* 10° 








25 = 10° 25 x 108 25 x 10° 


LpCy 





On the design chart, plot lines representing the LpCr 
products, and label them with the appropriate values of 
t/ Sr. 

(It will be seen that the design chart has common scales 
of inductance and capacitance, the usefulness of which 
will be appreciated when the chart is complete and it is 
desired to read off suitable values for design purposes.) 

Now, from equation (7), construct a table of values of 
Ly/Cyr for given values of or, thus: 

TABLE 5 


Or l | 2 5 | 10 | 20 





| 


‘LeiCr | 004 
On the design chart plot lines representing the Le/Cr 

quotients, and label them with the appropriate values of 

OF. 

It is known that y = TR‘:/Lyr, and on the design chart 


Te ORI We: ger as be 
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a third set of lines is required, representing different values 
of , and thus Table 6 can be constructed. 
TABLE 6 
0-1 | 005 
5000 | 

On the design chart plot lines representing the Lp 
values, and label them with the appropriate values of y. 

The three sets of lines just discussed are used in deter- 
mining the limitations of Lp and Cr in order not to .-xceed 
the specified fall time of 2usec to zero volts. 

If, for each value of or, a point is determined where the 
fall time is 2usec, all such points may be joined by a 
smooth curve, thus giving a boundary within which the 
fall time to zero volts is less than 2usec, 

To determine such a series of points, proceed in the 
following way. 

Convert the scale of t/Sy to one of Sro. For example, 
the line where t/Sr = 10* is re-named Sro = 0:2 (t=2ysec). 
Now consider each cy line on the design chart and note 
the variations of Syo and x. Turn to the graph of Fig. 7, 
and on the corresponding cr lines note the variations of 
Sro and y. A point will be found where, for each given 
value of or, the values of Sro and x correspond exactly, 
and the fall time is 2usec. (To find the exact point of 
equality it is best to plot a series of subsidiary graphs, 
one for each value of or. Two lines are plotted, relating 
the values of Sro and y obtained from the design chart 
and Fig. 7, respectively. The point of intersection will give 
the desired values of Sro and x.) 

Having found a series of pairs of values of Spo and x, 
plot corresponding points on the design chart. A smooth 
curve drawn through the points indicates what values of 
Lp and Cyr are required to give a fall time of 2ysec. It will 
be clear that if both Lp and Cry lie to the left of the 
boundary, the fall time will be less than 2,sec. 

The last operation in the construction of the design chart 
is that of ensuring that the backswing voltage does not 
exceed the maximum permissible value. This may be done 
by referring to Fig. 8, from which may. be obtained the 
value of y when Voax)/Vix and or are known. Now 
V aipx)/Vi has already been given in the specification, and 
or is taken for each of the plotted lines in turn. Points are 
plotted on the design chart for each of the pairs of values of 
y and or, and a smooth curve drawn. This curve gives the 
minimum value of Lp to ensure less than 15 per cent back- 
swing voltage. 

It is now time to examine the upper part of the design 
chart and summarize its relation to the desired specifica- 
tion, The four limitations imposed, and the means of ensur- 
ing their fulfilment, are listed below. 

(1) 10 per cent droop. Lp must lie above the ‘ 10 per cent 

droop’ line. Cy may be any value. 
2usec fall time to zero volts. Both Lp and Cr must lie to 
the left of the line marked ‘ 2yusec’. 

(3) 15 per cent backswing voltage. Lp must lie above the 

‘15 per cent backswing’ line. Cr may be any value. 

(4) No tail oscillation. To ensure this requirement make 

Cor Z 1. 

The next step is to examine the relationship between 
the lower part of the design chart (concerning pulse rise), 
and the upper part (concerning pulse top and fall). It will 
have been seen that for all the pulse waveshape require- 
ments to be fulfilled, for the chosen value of Cr, the corre- 
sponding values of ZL; and Lp must lie within the areas 
discussed above. 





0-02 
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It may seem, at first sight, that the best values to use are the 
highest values of Lx and Cy combined with the lowest 
value of Ly». However, this criterion means that Lp may 
have only one value, thus making the magnitude of M, 
inflexible. 


If, however, a lower value of Cr is chosen, Lp will have 
a range and in this case that value of Cr which makes the 
maximum value of Lp twice the minimum value will be 
considered as satisfactory. This is an arbitrary criterion, 
but it is useful to start where a little variation is permissible. 


The appropriate values can now be obtained from the 
design chart (Fig. 9), These are: 
Cr = 2250pF 
Ly = 3‘5uH 
Lp 3 250uH to 6 500uH. 


To determine the required transformer distributed capa- 
citance, from Cy subtract the referred value of load 
capacitance. This gives Cp = 1 SOOpF. 

The winding configuration has been specified as A», and 
from the relevant data in Appendix 1: 

k, = 2°62 
ky = 0-034 
k, = 0°87 
and the following assumptions will be made: 
Fu = 6 
€ 4 
wut = 1000 
AB = 2000G 
so that from equations (15) and (16): 
A; = 1-83in’ 
M, = 8in 
At this stage an allowance of 50 per cent has been made 
to account for Xa/3. (This is equivalent to increasing ky 
by 50 per cent). 


and 


Np = 21 
lw/d = 52 

This large ratio is due primarily to the low impedances 
of both source and load, leading to low leakage inductance 
and high distributed capacitance. 


From equation (9) 


and from equation (17) 


The maximum voltage stress between layers 1 and 2 is 
2 000V. With the dielectric operating at 100V/mil, say, the 
required thickness d = 20 mils, and between layers 2 and 
3 kid = 52-4 mils. Then /w = 52 x 0-020 = 1:040in. For 
the first layer a wire diameter of 42 mils would be reason- 
able, and for the second and third layers 21 mils. This 
gives: 
100 . (Za/3) 
“d{l + ki/4) 
which is rather higher than the 50 per cent assumed, If, 
however, the first layer is wound with two wires in parallel, 
each of 21 mils, the 85 per cent is reduced to 64 per cent 
which is much nearer the assumed value. Slight changes in 
d, while preserving the ratio /¥/d, will enable Ly to be 
adjusted to its correct value. 


= 85 per cent 


Allowing coil end clearances of, say, fin, a window length 
of 2in would be satisfactory, combined with a window 
height of 4in. 

Also, assuming a square stack having a stacking factor 
of about 0-85, the centre limb will be about I4in square. 

This rather unlikely shape of core would have M; about 
8in. 

One way of improving the core shape would be by 
increasing AB and thus reducing A;. Twice the value of 
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AB will quarter the required area and double the turns 
necessary. In this case M; would be about 54in, but Le 
would not reach the upper limit set. 


In practice, the designer may try more than one coil 
configuration, as well as investigating other possible 
changes. The final design will be one depending on 
individual circumstances. 


APPENDIX 


(1) CoEFFICIENTS ky and k, 

The choice of a suitable winding configuration is beyond 
the scope of this article, it being intended only to show 
how to obtain the coefficients ky and k.. 

There are two main divisions of winding configuration, 
(a) where the windings are on one limb only, and (b) where 
windings are distributed over two limbs. Only the former 
division is considered here. 


In each division three different types may be recog- 
nized. These are J (Iso) in which the output voltage is 
isolated from, but in phase with the input voltage, R 
(Reverso) in which the output voltage is isolated from, but 
reversed in phase relative to the input voltage, and A 
(Auto) in which the primary winding forms also the begin- 
ning of the secondary winding. (This is obviously a non- 
phase-reversing type). 

Fig. 10 shows the types of winding configuration dis- 
cussed in this appendix, and in each case the following 
points should be remembered. 


(1) The input is shown as unity, the output as n. (n is 
the turns ratio). 

(2) Each layer is wound in the same direction round the 
former. 

(3) Each layer is wound in the same direction across the 
former (i.e. each layer has the same traverse direc- 
tion). 

(4) All layers are of the same length. 

(5) In the formulae for leakage inductance, the term 
Xa/3 (Xa is the sum of all layer thicknesses) is 
neglected after its initial statement. 

Type I 
0-032 (Ne*M./lw) [d + Sa/3] 
Cp = 0:075 (eMelw/d)(n — 1) 
so that ky = 0-032 
k, = 0-075 (nm — 1¥ 


and kik. = 00024 (n - 


Type R, 
Ly and ky are as for Type /; 
Cy = 0°075 (eMely/d) (n°? + n 4 
so that k, = 0-075 (n? + n + 1) 
and) kyk, = 00024 (n® + n + 1) 


Type Ai 


1) 


1) 


my? mfa-1i\? 
Li = 0-032 (Nv*M./I«) [d + Sa/3){ —_- 
n 


Cp = 0075 (eMelw/d) (n’ — n + 1) 
He gy “oe be 
so that k, = 0-032 (= ) 
n 
k, = 0-075 (n® — n + 1) 
n—i1 


2 
and) kyk. = 00024 (n’® — n + 1) (=) 


n 
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Type Il; 
Ly = 0032 (Ne*M-/lw) [d(1 + ki/4) + Sa/3) =H 
Cp = 0-075 eMelw/d [(n/2 — 1) + 3n*/4ki] pF 
so that ky = 0-032 (1 + ky 4) 
k. = 0-075 [(n/2 — 1) + 3n*/4k) 
kik. = 0-0024 (1 + ki/4) [(n/2 — 1) + 3n®/4k) 
This product has a minimum value when: 
V(3)n 
(n/2 — 1) 
giving kik, = 0:0024 [(n/2 — 1) + V(3)n/4P 
Type Ro» 
Ly and ky, are as for type I. 
Co = 0:075(eMelw/ d)[(n?/44+n/24+1)+3n"/4k:] pF 
so that k 0-075 [(n?/4 + n/2 + 1) + 3n*/4ki) 
kik. = 0-0024 [(n’?/4+n/2+ 1) + 3n?/4k:) [1 + ki/4] 
This product has a minimum value when: 
V(3)n 
+ n/2 + 1) 
n/2+ 1) + V(3)n/4) 


and 


ki = 


and 


ky = 
(n° /4 
0-0024 [(n*/4 4 


giving kik 
Type Ao 
' ,- hewn TY 
Ly 0-032 (Nv*M./ lw) [d(1 + ki / 4) + Sa/ 3) — |) »H 
n 


(n? + 3) 3(n — 1P pF 
4 ’ 4k, 


Cp = 0-075 (eMely al 


\a 
so that ky 0-032 (1 + k 0(" ) 
n 


243) 3(n — 1) 
er ee. Pe. Ra 
4 4k, 


243) 3 y 
ond «| hk, = 00008 | ©, ME 
4 4k; 


s 
(1 + Kia) (" 2 
n 


This product has a minimum value when: 
V (12) (n—1) 
(n? + 3)! 


: 7+3 \t V(3K 1y]° 
giving k,k. = 0-0024 ~ + Seah (* - 
4 4 n 


Type I; 


i ; 


2A 
dct + 4k,/9 + ko/9)+Za/3] pH 


Ni 


Lr = 0-032 


Cp = 0-075 = he [(n/3 — 1) +(n°/3)0/ki+1/k:)] pF 

c 
so that ky = 0-032 (1 + 4ki/9 + ke/9) 
ke = 0-075 [(n/3 — 1)°+(n®/3) (1/ki + 1/k)I 
kiko = 0-0024 [(n/3 — 1° +(n/3) (1/ki + 1/k2)) 

(1 + 4k/9 + k2/9) 

Although the expression for this product may be developed 
further, and values of k; and k, found to give a minimum, 
the designer will discover that the resulting equations 
rapidly become unwieldy. It will also be found that, for 
some cases, the equations yield impractical values of k; 
and ke (i.e. values that give large winding heights, and F,,° 
increases at a greater rate than k.k. decreases), and that 
fairly wide variations in k; and k result only in small 
increases in kyke. 


All in all, it will probably be found easier to apply the 
expression to problems as they arise. 


and 
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Type lip 
Li = (0032/4) (Ne*Me/lw) [dl + ki) + 
Cp 0075 (eMelw/d)(n 1d + 1 
so that ky, = (0-032/4) (1 + ki) 
k, = 0-075 (mn — 1 (1 + 1/k) 
and kik (00024 / 4) (n Yd + 1/kj 4 ki) 
This product has a minimum value when k; = 1 giving: 
kik. = 00024 (mn — 1 
ky 0-032/2 
and ke = 2 . 0-075 (nm — 1) 
Compare the last two equations with those for 
Type los 
Ly and ky, are as for type Jip 
Cp = 0-075 = {(n/2—1) 


c 


so that k 0075 [(n/2—1) 


0-0024 
ands ky ke = 4 [(n/2 


Fig. 11. Graph of Fy for various cores 


Curves are for cores as follows: (a) Type 450 Lamination, (b) Type 421 
Lamination, (c) HWR 50 Series C-Type cores, (d) HWR 110 Series C-Type 


cores 
This product has a minimum value when: 
(7n"/4 5n/2 + 1)8 
(n/2 — 1) 


k; = 


0-0024 
[(n/2 1)? + (7n?/4—5n/2 


giving kik 
(2) MEAN-TURN FACTOR Fn, 

One of the terms required in the calculation of core 
cross-section and iron path length, is the mean-turn factor 
Fm, where: 

Fm = M.| V At . (14) 

It is usually desirable to keep Fm as low as possible, in 
order to reduce core cross-section and increase iron path 
length. (Note that the total volume is unchanged.) 

For occasional design work it is not worthwhile tabulat- 
ing values of Fm for a large number of cores, since winding 
height has a marked effect. 

Generally, it is sufficient to use an approximate value of 
Fm, and correct for individual designs, Fig. 11 shows, for 
a few cores, the sort of values to expect. (These curves are 
based on a comparatively low winding height.) 
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Improvements in Electronic Music Generators 


Alan Douglas, M.LR.E., M.Amer.LE.E. 


Constructional details for a simple electronic organ have appeared in this journal (1955) and also in 


book form. 


Details of a transistor generator are also given. 


(Voir page 62! pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 628) 


genes the publication of a series of constructional 
articles' in this journal during 1955, a modified version 
of the design has appeared in book form’. Recent addi- 
tional and experimental alternatives are now described. 

While it is true that there is no such thing as a defini- 
tion of an organ, it is usually regarded as a keyboard 
instrument on which sustained chords may be played. To 
give tonal variety together with ease of control, there is 
generally more than one keyboard, and in the instrument 
described above (purely for reasons of economy) the 
upper manual was designed to play only one note at a 
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time—the first hard valve circuit covering 61 notes by 
continuous re-tuning to be described. 

This arrangement is indeed most useful for solo voices, 
but it is evident that sooner or later the constructor will 
want to play chords. With this in view, experiments 
were conducted to derive a family of contrasting voices 
from the existing design of generator circuit. This was 
accomplished by using additional outlets from the oscilla- 
tors so that a quite different series of stops was made 
available, which could then be mixed in simple pre- 
amplifiers without degradation. 

The original oscillator is modified as shown in Fig. 1. 
There is a winding of some 10 or 12 turns of wire round 
each inductance coil. The waveform from this is sinu- 
soidal, whereas that from a contains fundamental, second, 
third, fourth and traces of eighth harmonics. In addi- 
tion to the complex waveform from Bs, in which 56 
harmonics have been measured, a further harmonically- 
rich wave is obtained from the transformer p. The pro- 
perties of this will in some measure determine the wave- 
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TABLE 1 
Tuning Schedule 


In this article details are given which enable chords to be played on the upper manual. 





Cot 
NO. 


NOTE 
NO. 


| 
| 


CAPAC- 
ITOR 
(uF) 

0-18 

0-15 

0-1 


0-1 
0-1 
0-09 


| Ot 


0-08 
0-08 
0-07 
0-08 
0-05 
0-06 


| 0-05 


0-05 
0-04 
0-05 


0-045 | 


0-1 


0-07 


0-1 
0-03 
0-06 


0-025 


| 0-06 


0-03 
0-05 


| 004 | 
| 0-05 


| 0-025 


j 
} 


| 0-03 | 


RESIS- Col 
TOR NO. 
(kQ) 
10 
10 


10 


10 








CAPAC-| RESIS- 
ITOR TOR 
(uF) (kQ) 
0-02 | 10 
0-03 
0-035 
0-07 
0-025 
0-07 
0-02 
0-04 


0-025 


0-04 
0-015 
0-03 
0-015 
0-025 
0-015 
0-025 
0-01 
0-02 
0-007 
0-015 
0-01 
0-02 
0-01 
0-02 
0-01 
0-015 
0-01 
0-01 
0-008 
0-01 








SEPTEMBER 


1961 








‘Recher r see teeevas 


Fig. 2 (a) Swell polyphonic generator under stop panel 


Fig. 2. (b) Underside of swell printed wiring 

form at the secondary, but the best results have been 

obtained in a number of organs from small, cheap loud- 

speaker transformers. The 3{2 winding is in series with 

the 27 resistor. A useful step-up of voltage is obtained. 
It is also possible to obtain a quite different waveform 

at E, and when a large signal is called for (for example, 


to drive the tone circuits shown in Fig. 5), this is very 
useful. But sufficient extra voices can be formed from 
outlets a, B, C and D without the complication of the 
anode transformer. This refinement can then be re- 
served for still further tonal extensions on, perhaps, a 
third manual. 

To enable the extra polyphonic generator to fit in the 
original small case, printed circuits were used as shown 
in Fig. 2. These go comfortably below the original stop 
panel, and of course require no metal chassis. As first 
described, contacts for the solo generator were fitted 
inside the key frame; these could be removed and the 
double contacts, as used on the main generator, sub- 
stituted; but a very useful arrangement is to attach extra 
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Fig. 4. (left) Diapason filter 


Fig. 5. (right) Cirevit for odd harmonic formation 


contacts to the tails of the keys, retaining the original 
solo contacts with their melodic generator. In this way, 
a large number of novel tonal effects are possible. 

Some difficulty has been experienced in tuning the 
secondary notes, either because capacitors of the exact 
values were difficult to obtain; or because an occasional 
unit drifted out of tolerance with time. To obviate this, 
the cathode section of the coil can be continuously tuned 
by a variable resistor in series with a fixed capacitor. By 
proper choice of values, a range of some three semitones 
is possible. For those who have these generators and 
wish to make the conversion, the component values are 
given in Table 1; but it must be emphasized that these 
values only hold good for the inductors as specified in 
the book, and cannot be used with coils wound on size 
93 or 70 laminations. 

Since a separate vibrato generator is necessary for the 


Fig. 3. Swell tone forming circuits, stops shown ‘ off’ 
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new unit, the two unused halves of the 12AX7 and 
12AU7 valves are made to act as tone amplifiers; one 
additional 12AU7 then suffices for the remaining voices. 
The complete circuit is shown in Fig. 3, which is self- 
explanatory. The effect of a 4ft clarion is reasonably 
well obtained by suppressing most of the fundamental, 
but the exact degree of ‘ hardness’ should be determined 
by increasing or decreasing the value of the SOOpF capa- 
citor. Very small changes produce marked differences 
in tone quality. The harmonic flute is an interesting 
voice making use of the unfiltered signal from a. The 
oboe is quite different from that appearing on the main 
manual. 

There have been many requests for a diapason tone to 
replace the tibia on the great generator. This can be 
reasonably compounded as in Fig. 4, by introducing a 
signal from the B line through a simple shaping network. 


ae 


3733 


using W. E. Kock’s phase invertor’. Another interesting 
approach, however, is to employ a voltage-sensitive resis- 
tor, preferably of the silicon carbide type. Fig. 5 illus- 
trates a circuit for this purpose. The resistor RV should 
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Fig. 8. Blocking oscillator of improved stability 
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Fig. 6. Simple polyphonic transistor generator 
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Fig. 7. Tone circuits for Fig. 6 





A truly accurate diapason cannot be synthesized without 
a separate source of 4ft pitch, which is not available. 
The clarinet and stopped diapason or wooden flute 
cannot be derived from any of the waveforms inherent 
in this generator circuit, since they contain essentially 
only odd harmonics. Such voices are quite desirable and 
can of course be obtained from a sawtooth waveform 
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be chosen so that its resistance decreases near to the 
mid-point voltage of the impressed sine wave at A, so 
delivering extra current momentarily; the output wave- 
form then has a hump in the centre as shown. A suitable 
resistor might perhaps show 1 or 2MQ at, say, 4-5V, but 
drop to 200k. at 9V. The tonal effect is quite realistic 
and saves many extra circuits; of course, one such device 
must be used for each oscillator. Incidentally, if a bias- 
ing potential is introduced at x, so that the circuit only 
conducts for short periods of time when the oscillator 
voltage exceeds that of the bias voltage, an excellent reed 
tone results; more uniform over the compass than when 
resonant or formant circuits are used. 

Much work has been done on transistor circuits for 
full-scale organ generators. There are many difficulties 
which, so far, make this class of instrument unable to 
compete with the valve on an economic basis. There is 
no real point, either, bearing in mind the bulk and 
weight of the other parts of the instrument, not to men- 
tion the large audio output powers often required. How- 
ever, for the simpler and more portable instruments of 
entertainment, quite good results are obtainable. One 
economical circuit is shown in Fig. 6. By this subter- 
fuge, it is possible to play three or even four note chords 
in any one octave at a time from only four oscillators; 
and with a melodic generator using a continuously-tuned 
blocking oscillator, one can have a small but distinctly 
useful portable instrument. Using, for example, the well- 
known Mullard 250mW audio amplifier, the total current 
drain is moderate and the output ample for a small room. 
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Reverting to Fig. 6, for OC72 transistors the pulse 
transformer should have an impedance ratio of about 
10:1. The low impedance winding is in the emitter, con- 
nexions series aiding. By choosing the correct resistance 
values, any one oscillator can be tuned over about 24 
octaves and the pitch range is divided up among the keys 
as shown. The pre-amplifier has a time-constant designed 
to eliminate any clicks. A vibrato signal can be injected 
as shown. 

Tone forming is not easy with a circuit such as this, 
but quite pleasing variations are obtainable with the net- 
works shown in Fig. 7. It should be noted that the 
isolating resistors of IMQ and the 100k vibrato coup- 
ling resistors must be wired in before any attempt at 
tuning is made. 

Reasonably good stability is maintained with this circuit 
but of course it is highly voltage-dependent and this must 
be borne in mind. The adjustable resistors allow of 
rapid re-tuning. 


Another circuit of greater stability and very suitable 
for a solo manual was suggested to the author by Mr. 
Winthrop S. Pike, of the RCA Princeton Laboratories. 
It is shown in Fig. 8. The stability improvement results 
from the removal of the temperature-dependent /.. of the 
transistor from the charging circuit. Resistor R: is broken 
up into steps to form the various pitches. Frequency 
dividers‘ can be added to extend the usefuless musically, 
and indeed this same circuit makes an excellent frequency 
divider in itself. Any such divider should feed an emitter- 
follower stage before connexion to any tone-forming 
circuits. 
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Integration of D.F. and Radar for Air Traffic Control 


Standard Telephones and Cables Limited have been con- 
ducting trials at the Ministry of Aviation’s Experimental Unit 
at London (Heathrow) Airport of a system designed to inte- 
gtate automatic triangulation direction finder equipment and 
the standard air traffic control radar. 


The system has already undergone testing by the Royal 
Air Force who are now preparing a report. These tests are 
being carried out by STC through the courtesy of the Ministry 
of Aviation. 


Designed by engineers of Standard Telephones and Cables 
Limited, the new equipment aids the rapid identification of 
radar echoes without the need for additional equipment in 
the aircraft. 


It also operates throughout the radar coverage area and, 
additionally, at heights above and below the radar. The sys- 
tem is very sensitive and the display can be arranged to 
identify aircraft even before they enter the radar controlled 
area. 

Subject to the successful completion of the present series of 
tests, the equipment can be made available almost immedi- 
ately to ease the pressing problem of radar echo identification 
in high density control areas. 

The experimental system ‘ package’ comprises: 

(a) Two or more wideband c.a.d.f. (commutated antenna 
direction finder) stations. These can be of the u.h.f. or v.h.f. 
or combined u.h.f./v.h.f. type, according to airfield needs. 


Wideband c.a.d.f. systems, developed by STC, are in use 
in many parts of the world, both ground-based and afloat. 
Their accuracy, given a good site, contributes greatly to the 
accuracy of the overall system now on test. 

One of the c.a.d.f. installations during these tests is at Frog- 
more Hall in Hertfordshire; the other is adjacent to the experi- 
mental establishment, close to the Bath Road and Runway 
10 at London Airport. 

(b) A PVT-2 automatic df. triangulation equipment which 
combines the signals received over land lines from the indivi- 
dual c.a.d.f. stations into a composite triangulation picture. 
This is viewed by closed circuit television. The PVT-2 equip- 
ment, shown at Farnborough last year, gives an automatic and 
instantaneous ‘fix’ on aircraft as soon as they call up the 
control tower. No other equipment or action is required in 
the aircraft. This means that all aircraft can be brought into 
the picture provided they carry the statutory minimum of 
radio communication equipment. 

(c) A * joystick ’ control unit which operates with the PVT-2 
and radar console displays. By operating the joystick as soon 
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as a fix is shown on the PVT-2 monitor screen, a spot can be 
moved across it to mark the fix. This spot is duplicated 
accurately on the standard a.t.c. radar screen, thus identifying 
a hitherto anonymous radar blip. 


The marker may be a spot, a cross, a circle or any one of a 
number of symbols which are generated electronically in the 
control unit. 

The joystick control is placed in front of the PVT-2 moni- 
tor display and close to the radar p.p.i. The manual action re- 
quired to mark a triangulation fix takes no more than a second 
or two, depending upon the skill of the operator. 


The standard air traffic control radar is used, and requires 
only slight modification to enable it to reproduce the various 
marker symbols. 


Part of the experimental set-up. On the right is the standard 
a.t.c. radar console. On the left is a monitor of the automatic 
triangulation system, linked to a ‘joystick’ control which 
moves a marker across the television screen to coincide with 
the bearing intersection. The marker is duplicated on the 
radar screen to assist identification of the radar echo. 
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Measurements on a Transmission Line 
Ring-Hybrid 


for Use in the Frequency Region 20 to 30Mc/s 


By A. J. Hymans*, M.Sc., A.M.LE.E., A.Inst.P. 


A ring hybrid duplexer has been designed and constructed for application in an f.m.c.w. radar sys- 

tem. The article describes the design of certain essential accessories, such as a matched load capable 

of dissipating up to 2kW. The methods of measurement used are described. The results show that 
adequate isolation, transmission and bandwidth were achieved. 


(Voir page 62! pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 628) 


T was proposed by Hymans and Lait’ that a transmis- 

sion line equivalent of the microwave ring hybrid 
should be employed for common t.r. aerial working in an 
f.m.c.w. radar operating in the h.f. band. It was antici- 
pated that such a hybrid would be frequency sensitive, 
and its operation would be restricted to a very narrow 
frequency band. Such has not, however, proved to be 
the case. The hybrid has been tested and shown to be 
quite flexible and performs its functions as a duplexer 
for an f.m. radar. 

The system to be employed here requires that a small 
fraction of the transmitter power should always enter the 
receiver. The amount must not be large enough to 
damage the first stage which is a diode detector, but 
nevertheless must be great enough to provide linear hetero- 
dyning action’. The minimum isolation acceptable was 
fixed at 30dB. The required level of balance has been 
easily achieved. 


Practical Details of the System 

The transmitter to be used is the pre-amplifier of an 
STC DS.13 equipment, and is capable of delivering up 
to 4kW rf. itself into a 6000 balanced transmission line. 
The aerial is at some distance from the transmitter site and 
is supplied by,and matched to, a 6002 twin overhead feeder 
route (300Ib copper wire at 10}in spacing), It was not 
thought desirable to make any. alterations to the output cir- 
cuits of the transmitter and therefore the transmitter was 
connected directly in parallel to the ring which was also 
designed to have a characteristic impedance of 6002. The 
four connexions to the ring should have alternate imped- 
ances Z, and Zp, where Za = 60022 and Zp = 30022 
thus achieving correct matching when 

Zi Zz = (Z,"/2) 

Thus the transmitter and receiver should present imped- 
ance Z, = 600 to the ring, and the aerial and the load 
Zx = 3002. The design of these connexions has in fact 
presented the most problems, and individual items are 
also described below. 


THe Hysrip 

The hybrid ring was set up inside a corrugated iron 
shed (which also houses the rest of the equipment). Instead 
of the 3A/2 ring, it was decided to use for compactness 
a A ring with one arm twisted to provide the required 
180° phase-shift. As was subsequently pointed out in a 
private communication from Dr. N. E. Goddard of 
Messrs. Mullard Ltd, such an arrangement also possesses 
greater bandwidth. (See Fig. 1.) 
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The ring has a physical side-length of 9ft 8in and is 
actually rectangular, being sprung at the corners to an 
external wooden framework. The spacers are of Tufnol 
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Fig. 1. General arrangement of hybrid and connexions 


rod at about 3ft interval. Connexions are made at the 
corners except for the receiver, which for best balance 
has to be tapped in about 6in from one corner. (This is 
probably due to the necessity to compensate for the extra 
length of line in the twisted section.) 


THE TRANSMITTER 

The output of the transmitter is designed to work into 
a 6002 line, and it was not found necessary to make any 
special alterations. It was assumed that the output im- 
pedance of the transmitter when working was approxi- 
mately 6002. 


THE AERIAL CONNEXION 
The aerial was required to present an impedance of 
3002 to the ring (see Fig. 1) and a matching transformer 
for 600 to 3002 was constructed. This transformer had 
to meet the following specification. It would 
(1) Handle up to 2kW r.f. 
(2) Be relatively efficient over the range 20 to 30Mc/s. 
(3) Match 6002 to 3002 (balanced). 
The final solution was found to be an open coil of 4in 
copper tube wound into 6 turns of 12in diameter with 


SEPTEMBER 1961 





about lin pitch. With a 6002 resistor connected across 
the outer terminals, two balanced taps about 1 turn in 
from each end were found to provide the necessary trans- 
formation ratio. Final adjustment of the tapping was 


made using a Wayne-Kerr v.h.f. admittance bridge. 


THe MatcHep Loap 

To satisfy the equation Z,4Z, = (Z,’/2) the matched 
load has to balance the aerial impedance and will there- 
fore be 3000. The load must dissipate up to 2kW as 
well, and be capable of adjustment to meet varying aerial 
conditions. The design of the correct load presented the 
most complex problem and various arrangements were 
tried. The basic heat dissipating element is the Robert- 
son carbon filament lamp (rated at 250W 230V). A main 
load was made up from 24 of these lamps arranged in a 
series-parallel connexion. (4 in series, 6 parallel.) In 
series with this main load it has been found necessary 
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1 2 
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Fig. 2. Calibration curve for diode detector 





to add a bank of lamps in parallel (about 4 or 5) to pro- 
vide final adjustment for particular circumstances so as 
to be able to cope with changes of resistance with vary- 
ing power levels as well as variations in the aerial load. 

At the frequencies used these banks of lamps have been 
found to present considerable reactance, and variable 
reactors were added as required to cancel out the effects 
of the loads. It should be understood that nearly all the 
reactance observed is produced by disposition of the lamps 
and the wiring. Thus, at various stages in the tests to be 
described, as the wiring became more definite, various 
values of reactance were needed to tune the same number 
of lamps. The final version is tuned by a single inductor. 


THE RECEIVER CONNEXION 

In the system under consideration the first stage of the 
receiver is a diode detector’. It was originally proposed 
to take the output via a small step-down transformer to 
a 75(2 coaxial cable terminated in a 75Q load (or its 
equivalent). Subsequent tests showed large variations in 
the present power transmission through such a trans- 
former and it is now intended to present 6002 impedance 
directly to the ring. 


SEPTEMBER 1961 


Measurement Techniques 
The parameters of direct interest are :— 
(1) Transmitter-receiver isolation. 
(2) Forward transmission (i.e. power fed into aerial 
from transmitter). 
(3) Backward transmission (power fed from aerial 
into receiver). 
The tests were made mostly over the frequency band 
20 to 30Mc/s. 


TRANSMITTER-RECEIVER ISOLATION 

A substitution technique was used. The signal genera- 
tor was connected via a stepped r.f. attenuator to a small 
step-up transformer at the transmitter corner. A similar 
transformer was used to step-down from the receiver 
corner into a length of 752 coaxial cable leading to the 
input of an AR-88 receiver. The cable was terminated 
in a 75(2 resistor. The input transformer was also neces- 
sary since the signal generator (Marconi TF 867) pos- 
sesses an unbalanced 75{2 output. By unplugging the 
connexions to the hybrid it was possible to connect directly 
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Isolation load resistance 


from the signal generator to the receiver. The method 
of making the measurement was as follows: — 

The signal generator was set up on maximum output 
with 40 per cent (say) a.m. and carrier level set at the 
reference mark. The receiver was tuned to the same fre- 
quency and connected via the hybrid to the generator. 
The receiver gain was adjusted to produce a definite audio 
output (say 5V across 60002) with attenuator at 0dB. The 
attenuator and receiver were then connected directly and 
sufficient attenuation added to recover the original re- 
ceiver output. 

As a special precaution it was found necessary to ensure 
that the signal generator, receiver and sheaths of the 
coaxial cables were all directly earthed to a large metal 
plate, otherwise spurious results were obtained at the 
higher attenuations. 


FORWARD TRANSMISSION 

The difficulty here was in making power measurements 
with the low levels involved. The signal generator pro- 
vided a maximum output of a few volts only at 7522. For 
forward transmission, the same input transformer was used 
as above. The output was measured as a voltage at the 
aerial corner across various resistors acting as loads. The 
voltmeter used was a balanced arrangement of diode detec- 
tors which was calibrated directly against a conventional 
valve-voltmeter (see Fig. 2). 


BACKWARD TRANSMISSION 
Voltage measurements were made across loads at the 
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receiver corner, with the signal generator feeding into the 
hybrid. In order to avoid a step-up transformer here, 
padding resistors were used so that the composite imped- 
ance presented to the hybrid was either 3000 or 6000 
as required. 


Results of Tests 


TRANSMITTER-RECEIVER ISOLATION 

The first measurements showed that isolation values of 
the order of 30dB were attainable but considerable fluc- 
tuations occurred over the frequency range. The addi- 
tion of a variable inductor in parallel was found to 
smooth out the variations when adjusted properly. The 
typical curve produced shows a peak of isolation at a 
frequency where the load is resonant (see Fig. 4). 

The effect of resistance unbalance between load and 
aerial determines the maximum isolation attained. Fig. 3 
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illustrates this variation. The main load was supple- 
mented by the addition of fixed resistors ({W, 20 per 
cent carbon type). In each case the inductor was retuned 
for a maximum isolation at 23Mc/s. Since only preferred 
values were used, the actual number of readings was 
limited to those indicated on the graph. The smoothed 
curve would indicate perfect balance at R ~ 769. Asa 
result, the bank of parallel lamps was added in series 
with the main load, and the same behaviour was observed 
by varying the number of lamps connected in parallel 
(Fig. 4). In the present application perfect isolation is 
not required, but rather the best performance over the 
frequency range, hence exact resistance balance is not 
achieved. The effect of varying aerial loadings is shown 
in Fig. 5. The hybrid was matched against a 6000 resis- 
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tor simulating the aerial. Curves were plotted with load 
= 6002, 6252 and 675. respectively. The double peaked 
response observed here cannot be easily explained, and 
was not found again. 

Attempts were made to obtain better performance by 
shifting the tuning point, but it was not found that any 
worthwhile improvement was obtained. Thus, retuning 
to 28Mc/s, produced improved isolation at the high fre- 
quency end of the band, but intermediate values fell 
below 30dB which was not acceptable. 

During the course of these measurements, isolated 
maxima of about 90 to 100dB were observed at spot fre- 
quencies. While not of practical use in this application 
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Fig. 6. Isolation and forward transmission /frequency 
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and hence not pursued, such results may have some other 
application. Great care is necessary to achieve such values 
of isolation. 


FORWARD TRANSMISSION 

In the above examples where the aerial corner was 
terminated by the transformer and suitable resistors it 
was possible to measure forward transmission simultane- 
ously with isolation, since both measurements required 
the signal generator to be set at a fixed reference level 
and zero attenuation when connected to the hybrid. The 
effects of varying the matched load conditions were exam- 
ined and appeared to have very little effect on forward 
transmission. In the case of a typical result (Fig. 6) it 
can be seen that at the correct (balanced) value of the 
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aerial resistor, there appears to be a slight but sharp 
fluctuation in the neighbourhood of the resonance. This 
variation was confirmed by exploring the region in some 
detail. When the aerial resistor was changed to 62522 
without readjustments of matched load, the kink disap- 
peared, as well as the usual drop in peak isolation. 

Total loss in forward transmission was checked and 
found to be less than 1dB (above the theoretical value of 
3dB) which was probably due to the transformer. 


BACKWARD TRANSMISSION 


For these measurements the signal generator was con- 
nected at the aerial corner directly or via the transformer. 
The curves of Fig. 7 show some of the results obtained. 
For this set of curves the transmitter corner was termin- 
ated in a 6000 resistor. In curve A, the signal generator 
impedance was padded to simulate 3002 balanced out- 
put, and the receiver corner terminated in 6000. The 
graph shows the measured voltage across the receiver 
resistance. For curve B, the aerial transformer was in- 
serted and the signal generator connected to the outer 
terminals via an appropriate padding network. The curves 
A and B are similar except for a difference in amplitude. 

The receiver corner was then connected via a small 


Curve a: Voltage across outer terminals of 
aerial transformer (signal generator side) 

Curve 8: Voltage across 6000 resistor at 
receiver corner 
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step-down transformer to a 752) coaxial cable terminated 


in a 75) resistor. Curve c is a plot of the voltage across 
this resistor. A sharp dip at 21Mc/s was noticed and 
was at first attributed to a resonance in the transformer 
(producing the peak at 24Mc/s), but when further trans- 
formers with different numbers of turns were tried the 
result was always qualitatively the same. It was con- 
cluded that the effect was due to the hybrid causing an 
impedance mismatch. In any case, it was not thought 
useful to pursue the point since the transmitter imped- 
ance was still a 60012 resistor. 

Finally, the transmitter was connected to the hybrid 
and the 6000 aerial resistor replaced by a high power load. 
The transmitter was loaded for maximum power output 
at 26Mc/s and the matched load adjusted for a good 
balance. The h.t. was switched off, but the transmitter 
output circuits not altered, and the aerial load replaced 
by the signal generator. A 600) resistor was again 
placed across the line at the receiver corner, and another 
backward transmission curve plotted with the results 
shown in Fig. 8 (curve B). The diode detector was then 
placed across the outer terminals of the aerial transformer 
. and another frequency run taken (curve a). The result 
shows a reasonably flat response except at the highest 
frequencies. The curve A indicates the effective output 
voltage of the signal generator applied (via the trans- 
former) to the hybrid. | Where the voltage is high it 
would imply that the impedance presented to the signal 
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generator by the hybrid is high, and therefore not loading 
the signal generator. Since half the input from the signal 
generator should (correctly) be dissipated in the trans- 
mitter, the voltage across the receiver should be 1/ V2 times 
the voltage at the input to the aerial transformer. Fig. 8 
shows that such is only approximately true for a small 
region (23 to 254Mc/s). The true output impedance of 
the transmitter was not, however, realized in these mea- 
surements as this would have needed the r.f. drive to be 
applied to the amplifier. Thus the curves of Fig. 7 and 
8 can only be used to show that backward transmission 
into a 6002 impedance occurs, that it is of the right order 
of magnitude, and not unduly frequency dependent. The 
effect of connecting the r, of the valve to the output 
circuits of the transmitter will be to lower the impedance 
presented to the ring, and hence to reduce the general 
level of curve B in Fig. 8. 


Test ON HIGH POWER 


The hybrid was tested for balance at full transmitter 
power. A load capable of dissipating the expected output 
was made up from Robertson lamps and connected to the 
aerial transformer (aerial side). An r.f. absorption type 
wattmeter was used to measure power entering the re- 
ceiver. With the transmitter fully loaded (output ~ 4kW) 
and correctly adjusted at 26:15Mc/s, the matched load was 
balanced to give a residual power into the wattmeter of 
less than SOmW. The required isolation has thus been 
achieved in practice. 


Conclusion 

A ring hybrid using open wire twin feeder has been 
constructed. Over the required frequency range at least 
30dB isolation has been attained. With special attention 
to matching it is possible to achieve isolation of the order 
of 90 to 100dB at spot frequencies. 

Balance of reactive components is required to achieve 
the best results, but if resistive balance is too close, high 
and very frequency conscious values of isolation are 
found. 

Although designed for operation around 25 to 26Mc/s, 
forward transmission is relatively independent of frequency 
over the range 20 to 30Mc/s. 

The frequency runs described here were all carried out 
at low-power. Isolation and forward transmission were 
however checked at high power for one frequency. 

Tests on backward transmission were carried out at low 
power only and the results appeared satisfactory. 

The special components needed for connexion in the 
particular application, viz. aerial-hybrid matching trans- 
former and high power load perform satisfactorily as well. 
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A 
100c/s Counter for Registering | 
Small Time Intervals 


By P. G. M: Dawe*, M.A., M.Sc. (Eng.) 


A simple timer is described which operates by count- 
ing positive pulses derived from the ordinary a.c. 
sinusoidal mains voltage, at a rate of 100p/s. The 
pulses are derived from the mains voltage through 
two half-wave rectifiers, a pair of Zener diodes and 
differentiating networks, and are then amplified and 
coupled to a set of three Z302C counting tubes to 
give a final 3-digit count. 





(Voir page 621 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 628) 


T is often useful, for general purposes, to have a Chrono- 

tron or Dekatron timing device capable of measuring 
second time intervals to an accuracy of one or two deci- 
mal places. One idea for the particular circuit described 
here was suggested by Thomas and Daft', who described 
a method for the production of pulses from the ordinary 
a.c. mains waveform by the use of a half-wave rectifier, 
and a Zener diode, applied to the purpose of squaring 
the half-sine-wave prior to its differentiation. This cir- 
cuit, together with the recent development of the Z302C 
counting tube by Mullard Ltd, having a_ simpli- 
fied resistance-capacitance coupling circuit, made it 
possible to construct a simple timer from_ these 
components, with a resolution of 0-Olsec. There 
was, of course, still the problem of the high 
voltage d.c. and bias supplies, since, such counting 
tubes, and particularly the Z302C require fairly high 
positive and negative potentials for their proper opera- 
tion. The current consumption anticipated, however, 
even allowing for an amplifying stage for the pulses, was 
estimated as being only of the order of tens of milli- 
amperes, and so the use of a light high tension transformer 
was envisaged, the negative potential being derived from 
across one half of the transformer secondary with the use 
of a shunt rectifying circuit. This latter arrangement 
was suggested by Bell some years ago’. 


Circuit Operation (Figs. 1 and 2) 

Half sine waves obtained from each half-cycle of the 
rectified a.c. mains (from across the secondary of the 
transformer) were measured as being approximately 480V 
in peak amplitude, as viewed with an oscilloscope across 
the 100kQ2 load resistors. On applying these waves 
through the 100k) resistors to’ the constant voltage Zener 
diodes, the square waveform produced across the diodes 
was found to be of 10V in amplitude. It is to be ob- 
served that with the OAZ213 Zener diode a production 
spread of about 6V at the maximum could be expected. 
This figure however was found to be much smaller, less 
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than a volt, in the case of the particular OAZ213's used. 
After differentiation through the capacitance-resistance 
network, whose values were decided empirically, positive 
and negative pulses were produced of approximately 14V 
amplitude, and of 100usec width at the base. The un- 
wanted negative pulse was removed by an OA8I diode 
shunting the resistor in the differentiating network, and the 
positive pulses were then applied directly to the grid 
circuit of the 6AS6 amplifying pentode. The pulse width 
can be varied if necessary by altering the values of C 
and R in the differentiating network. The pulse is ampli- 
fied by the 6AS6 pentode, this valve being chosen for its 
having a short grid base on the suppressor grid, permitting 
its easy use as a gating valve. After amplification, the 
pulse appears across the anode load as a negative going 
pulse of from 60 to 80V amplitude. It was found that 
the characteristics of the 6AS6 were liable to vary slightly 
from valve to valve: in order to accommodate any such 
variation, however, the pulse amplitude can easily be 
altered over a range of 100V, if necessary, by altering the 
screen voltage and bias resistor of the valve. A 150V 
pulse can, for example, be obtained with a bias resistor 
of 5002 and a screen to cathode resistor of 15kQ and a 
screen decoupling capacitor of 16uF. 

With the circuit shown for the Z302C, it was found 
that the 300usec, 80V negative going input pulse (of 
roughly exponential shape) operated the counting tubes 
quite satisfactorily over a range of h.t. supply of +30V 
on the 470V supply line. The bias line varied from 265 
to 305V for this variation in h.t. voltage which was pro- 
duced through a variable voltage transformer connected 
to the mains. It is advisable not to stabilize the negative 
bias supply since the operation of the circuit was designed 
to accommodate both the positive (h.t.) and negative (bias) 
lines varying together, in the same direction. 

The electrical arrangement of the cathodes and guides, 
which are equally spaced from each other, in a circle, is 
shown in more detail in Fig. 3, for a part of the tube. 

The operation is as follows. A negative going ex- 


The above illustration shows the complete timer 
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ponential input pulse (about 80V in amplitude and 300usec 
width) is supplied to all the guide electrodes, G. This 
causes the cathode glow to step from any given cathode, 
say K; above, on to the adjacent guide electrode, G. 
Equally spaced from this electrode, as is the previous 
cathode, is a further guide electrode, otherwise referred 
to as an extinguishing electrode. These electrodes are 
electrically connected together in two groups, Eoua refer- 


it. This will result from the potential developed across 
the 820k{2 resistor. which is followed by that across the 
4700pF capacitor which will be charged rapidly by the 
relatively large tube current which will flow through this 
capacitor and the 47k) short time-constant path to earth. 
As soon as this positive potential develops it will tend to 
be maintained due to the relatively long discharge time- 
constant of the 4700pF capacitor through the 820k2 
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Fig. 2. Z302C counter 


ring to the electrodes coming before the odd numbered 
cathodes, and Even referring to those coming before the 
even numbered cathodes. Each group is returned separ- 
ately through a high resistance (820k{2) to a small nega- 
tive potential (—30V or so) such that the glow will jump 
towards it as the negative input pulse applied to the guide 
electrode G, finishes. Each group is also connected through 
a 4700pF capacitor and a small resistance (47k{2) to 
earth. When the glow alights on one of these extinguish- 
ing electrodes the electrode will immediately tend to go 
positive with respect to earth, until the glow jumps from 
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resistor. The region of ionization close to the cathode, 
and hence the glow discharge, will therefore tend to move 
to an electrode at a lower potential. If it were to move 
backwards to the previous guide electrode, G, this would 
tend to go positive with respect to earth, due to the poten- 
tial developed by the flow of ionization current through 
the 1M resistor which returns these guides to earth. This 
would oppose the development of a glow discharge, mov- 
ing it forward again. The glow discharge will therefore 
move forwards from the extinguishing electrode, to the 
next cathode, i.e. Kz, which is directly returned to earth. 
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Fig. 3. The electrical arrangement of the cathodes and guides 


When the cathode K, is reached the current through the 
tube is larger than for the other cathodes for a short 
time, depending on the time-constant of the cathode cir- 
cuit, which is returned to about —120V. Hence a nega- 
tive pulse is produced across the anode resistor of sufti- 
cient amplitude to drive the subsequent counting tube. 


RESETTING AND GATING 

Zeroing the counting tubes was made possible by pro- 
viding a push-button, the operation of which momentarily 
connects the 120V cathode E, negative return line to the 
300V negative supply line. 


The 6AS6 pentode operates as a gate for the sequence 
of pulses since the suppressor grid is normally biased off, 
‘closing’ the valve, through a 100k) grid resistor con- 
nected to —25V. The valve is then ‘opened’ by joining 
this suppressor grid to earth. The operation of this valve 
as a gate enables the counter to function effectively as a 
timing clock. A pulse input could, of course, be pro- 
vided to enable it to function directly as a simple counter 
for any order of operations of up to 100/sec. 
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A Light Operated Telepulsing Device for a High 
Voltage Terminal 


F. E. Taylor*, M.Sc. 


One method of control of a device at high d.c. potential is conversion of electrical pulses to light 

pulses and vice versa. The equipment consists basically of a stroboscopic light source and a sensi- 

tive photocell. A particular application to a nuclear accelerator is described, and other possible 
adaptations discussed. 


(Voir page 621 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 628) 


NE of the problems encountered in the construction 

of nuclear particle accelerators is the transmission of 
electrical signals, usually pulses, to and from terminals at 
high d.c. potentials relative to earth. 

In the Manchester University heavy ion linear accelera- 
tor, the high voltage terminal (at potentials up to 120kV) 
contains supplies for the ion source which are pulsed in 
synchronism with the accelerating field of the accelerator. 
A light source in a region of earth potential is used to 
transmit the control pulses to a photocell in the terminal. 
A block diagram of the apparatus is given in Fig. 1. 
Similar devices have been reported elsewhere in less 
detail’”. 


The Transmitting Unit 

The triggered light source is a Ferranti “Neostron” tube 
type NSP 1, as used in stroboscopes. This requires a poten- 
tial of approximately 140V between the trigger electrodes 
to produce breakdown. In the present device one elec- 
trode was held at a positive potential of 40V and a nega- 
tive pulse of amplitude greater than 100V was applied to 
the other from a simple amplifier. The circuit is shown 
in Fig. 2. Emission of light ceases when C; has dis- 
charged. The repetition frequency in this case is SOp/s. 
Further information might be transmitted by making use 
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of the variation of light output with trigger voltage, or 
by digitizing such information and transmitting separate 
pulses. 

The light from the Neostron, rendered parallel using a 
15cm focal length condenser lens, is transmitted up a 
hollow insulating column to eliminate stray light as far 
as possible. After traversing the distance between trans- 
mitter and receiver, it is focused on to the receiver photo- 
cell by means of a similar lens. 


The Receiving Unit 
The receiver (Fig. 3) consists of the red-sensitive vacuum 
photocell, type 90CV, a cathode-follower, and a one- 


Fig. 1. Simplified diagram of telepulsing unit 
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Fig. 2. Circuit diagram of light pulse transmitting unit 


as a compromise between short delay and reasonable tube 
life. 

An investigation has been made of the variation in 
time between input and output trigger pulses (‘jitter ’). 
This is due to two causes—statistical fluctuations in break- 
down delay (experience with thyratrons suggests 0-3usec 
as a minimum for a gas discharge device) and h.t. supply 
variations, believed to be +2V maximum, giving an ex- 
pected variation of +0-2usec (from Fig. 4). In practice 
a jitter of up to O-Susec in the unit was observed, this 
being acceptable to the present case. 


Other Uses 

Mention has already been made of the occasional need 
to recover quantitative information, though not under- 
taken in the present case. Analogue transmission might 
be achieved by investigating the law connecting trans- 
mitted light intensity and h.t. voltage and by replacing 
300V 
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Fig. 3. Circuit diagram of receiving anit 


stage non-linear pulse amplifier followed by a modified 
anode-follower to give the required polarity to the output 
pulse. A vacuum photocell, with a sensitivity of 10uA/ 
lumen was chosen in preference to a gas filled cell of 
higher sensitivity. The latter type lose sensitivity during 
operation, a typical loss being 50 per cent after 300 hours 
(maker’s figures), further, these have non-linear character- 
istics which would result in a change of sensitivity with 
varying background illumination. Such non-linearity 
would also make it difficult to recover information re- 
ceived in the form of light intensity variation from the 
transmitter. 

The input impedance of the cathode-follower is ap- 
proximately 10M) and its output voltage is about 15V. 
V; is a non-linear amplifier with an output independent 
of the input pulse amplitude, provided it is greater than 
3V. This allows a margin for such factors as the ageing 
of components, loss of efficiency of the Neostron or 
photocell and loss in light transmission of the lenses due 
to dust etc. MR, discriminates against negative output 
pulses, reducing the gain of the anode-follower V, to a 
very small value for such pulses. The positive output 
pulses from this stage are used to trigger the ion source 
pulse networks. Had a more clearly defined pulse been 
required a Schmitt trigger circuit would have been added. 


Operational Behaviour 

The delay between applying a trigger pulse to the Neo- 
stron circuit and observing an output pulse was found 
to vary with the voltage, V, applied to the Neostron. The 
results are shown graphically in Fig. 4. The final 
adopted value of the applied voltage (380V) was chosen 
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the non-linear amplifier with a linear one. For digital 
transmission it would be necessary to digitize the input 
information and increase the pulse repetition frequency. 
The maker's figures suggest a maximum operating fre- 
quency of 500c/s. 
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A High Power D.C.-A.C. Invertor with 
Sinusoidal Output 


By George Salters*, B.Sc. 


The article describes an attempt to achieve d.c.-a.c. power inversion using solid state devices as switch- 
ing elements. The switching element used is the silicon controlled rectifier. 
An approximate sinusoidal output waveform is synthesized from a number of vertical segments 
obtained by switching on, in an ordered sequence six silicon controlled rectifiers connected to secon- 
dary windings of a transformer. Two controlled rectifiers, switched alternately in the transformer 
primary give a means for automatically turning off the controlled rectifiers connected in the transformer 
secondaries. 


A single-phase arrangement with a 400c/s output and delivering approximately one kilowatt to a resis- 
tive load is described. A method for three-phase operation is also indicated. 


(Voir page 62! pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 628) 


FOr certain applications, mainly in aircraft, a need exists 
for an efficient method of d.c. to a.c, power inversion 
yielding a good sinusoidal voltage waveform. Invertors, at 
present used in aircraft, generally employ. rotating machines 
with a means for commutation using carbon brushes. 
Associated with the rotating machine are mechanical prob- 
lems due to bearing wear and failure etc., and the need 
for rigorous maintenance largely due to the strenuous 
environmental condition experienced by aircraft electrical 
machinery, Commutation, radio interference and overall 
efficiency are also problems encountered with rotating 
machines. This article indicates a method which was investi- 
gated during a study of high power inversion techniques 
for aircraft operation. The experimental results obtained 
Suggest that the circuit arrangements employed offer a 
hopeful approach to the problems. Circuit techniques are 
described for a single-phase invertor but a method for 
three-phase operation follows closely from the single-phase 
arrangement. 

Inversion is achieved by static switching techniques, the 
switching element being the silicon controlled rectifier. For 
the purposes of experiment a single-phase invertor was 
designed to deliver a maximum output power of approxi- 
mately one kilowatt to a resistive load. Silicon controlled 
rectifiers rated at 200V, 16A were used. The output voltage 
waveform was sinusoidal and had a frequency of 400c/s 
with 100V peak across the load. The technique described 
has advantages over the basic sinusoidal invertor which 
employs two switching elements and LC tuning of the 
transformer primary circuit. With such an arrangement the 
output voltage magnitude is dependent on the damping 
effect of the secondary load with the consequent result on 
voltage regulation and the difficulty of operation on light 
loads. 


Silicon Controlled Rectifiers 

Using transistors in the technique to be described limita- 
tions exist mainly regarding the number required and the 
consequent expense in dealing with the relatively large 
powers. Future developments lead one to suppose that 
silicon controlled rectifiers will be capable of handling 
larger currents than power transistors. For this type of 
application the silicon controlled rectifier (s.c.r.) has excel- 
lent characteristics from a current handling point of view, 
speed of response and general robustness. 

The s.c.r. is a pnpn device and is constructed of a wafer 
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of n-type silicon with two p-layers diffused into the surface; 
the cathode connexion forms another pn junction. A 
further connexion (the ‘ gate ’) is fixed to the diffused layer 
nearest the cathode. The device has reverse characteristics 
similar to those of an ordinary silicon diode, viz. a high 
resistance region followed by a Zener breakdown. In the 
forward direction with the gate lead disconnected the 
characteristic is again that of a reverse biased diode, but 
when the breakdown voltage is exceeded the voltage drop 
across the device immediately falls to a very low value 
(approximately 1 to 2V). This is termed the conducting 
state and the s.c.r. can carry very large currents in this 
region due to the low dissipation through the device. The 
s.c.r, can be made to switch into the conducting state at 
forward voltages lower than the breakdown value by pass- 
ing current into the gate. This mode of turning on is 
utilized throughout the invertor circuit. Once the s.c.r. is 
conducting the gate has no further control. The device may 
be turned off by removing the supply voltage or applying 
a voltage across it in the reverse direction. 

In fact the s.c.r. has characteristics similar to those of a 
thyratron with added advantages. The main differences 
apart from construction are the low voltage drop across 
the device; rapid switching action (turn on time 1 to 4usec; 
turn off time approximately 20usec) and the relative inde- 
pendence of firing current on forward voltage. 


The Invertor 
SYNTHESIZED OUTPUT WAVEFORM 
The method employed in the single-phase circuit involves 
synthesizing an output voltage waveform which approxi- 
mates to a sinusoid. This greatly reduces the problem of 
output filter design and for the circuit described a simple 
capacitive input low-pass filter gave adequate smoothing. 
In Fig. 1 an output waveform comprising five vertical seg- 
ments per half cycle is shown with the magnitude of each 
voltage segment relative to the peak amplitude of the wave- 
form indicated. A waveform synthesized in this fashion 
yields a good approximation to a sinusoid and Fourier 
theory (see Appendix) postulates the absence of harmonics 
up to the eleventh, The harmonic content of the idealized 
waveform shown in Fig. 1 may be expressed as follows: 
F(@) = sin @ + (1/11) sin 116 + (1/13) sin 136 + (1/23) 
sin 239 + (1/25) sin 256 + 
If three vertical segments, each of equal duration in time 


and optimed amplitude are used to build up each half 
cycle, the resulting harmonic content of the output wave- 
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form increases but a reasonable sinusoidal approximation 
still results, The harmonic content for this case is expressed 
as follows: 
F(A) = 5) sin 56 +(1/7) sin 76 + (1 
sin 116 + 

It will be noted from the waveform in Fig. 1 that the 
central segment of a synthesized half cycle has twice the 
duration of each of the segments on either side. This leads 
to a reduction in general circuits and decreases the number 
of controlled rectifiers required if a comparison is made 
with a synthesized half cycle of the waveform being made 
up of six discreet vertical segments. 
INVERTOR OPERATION 

The synthesis using five segments involves the use of a 
transformer with three secondary output windings. The 
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Fig. 1. Synthesized sinusoidal output waveform 
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Fig. 2. Invertor circuit 
number of turns on each secondary winding is calculated 
from the results derived by Fourier treatment. 

The disposition of silicon controlled rectifiers in the 
invertor circuit is shown in Fig. 2. Positive trigger pulses 
are applied alternately to the gates of SCR: and SCR: to 
gate them alternately into the conducting state. If SCR, 
is conducting and SCR, is blocking the current path from 
the d.c. supply V; is via the left-hand side of transformer 
7;. The resulting transformer action produces a voltage of 
approximately twice the supply voltage at the anode of 
SCR: and across capacitor C,.. When the next trigger pulse 
is applied to the gate of SCR» it turns on and the voltage 
at the anode of SCR, will rapidly fall to a value equal to 
the forward conducting drop across the device while the 
voltage at the anode of SCR; will drop to approximately 

-2V; due to the commutating effect of C.. The function of 
L; and C, is to provide reverse bias across SCR, long 
enough for it to recover to the blocking state. When the 
next trigger pulse is applied to the gate of SCR, the primary 
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circuit reverts to its original state. In this manner current 
from the d.c, supply flows alternately through two sides of 
the transformer primary to develop a square wave ‘ alter- 
nating’ voltage across the secondary windings. The 
alternating voltage developed across the secondary wind- 
ings provides a means for automatically turning off the 
secondary s.c.r.’s (SCR3-s). 

When SCR; has been fired this renders the polarity of 
secondary connexions to SCR; such that it is in a state 
ready for conduction, and on application of a trigger pulse 
it commences to conduct. When SCR, is triggered SCR; is 
commutated due to the action of C, and the polarity across 
SCR; is reversed causing it to be extinguished. On initiating 
SCR:2, SCR, is now in a, state ready for conduction and 
on application of its trigger pulse it starts to conduct 
SCR; is next commutated, the polarity of SCR, is reversed 
and it is extinguished. When SCR» is extinguished SC; 

SCR, 


idealized anode 
waveform 


SCR2 
idealized anode 
waveform 


idealized output 
waveform 
(contributions of 
secondary SCA’s 
are as indicated) 


eo t -_ 
| 
Fig. 3. (a) Idealized anode waveform of SCR, 
(b) idealized anode waveform of SCR 


(c) idealized output waveform 
(contributions of secondary s.c.r.’s as indicated) 


commences to conduct and now SCR; is in a state ready 
for conduction and on being triggered commences its con- 
tribution to the cycle. SCR; is extinguished when SCR, is 
commutated and the positive half cycle is completed with 
successive operation of SCR, and SCR;. Generation of the 
negative half cycle now commences with SCR,» making 
their respective contributions to the output waveform. 
Turn-off is effected in a manner similar to that described 
above. The idealized output voltage waveform and corre- 
sponding waveforms across SCR; and SCR; are shown in 
Fig. 3 

In Fig. 2 Li is a ballast inductor which prevents exces- 
sive current flow during the commutation interval. During 
the interval of commutation opposing currents can flow 
through both sides of the primary circuit to the commutat- 
ing capacitor. This current must be limited to ensure that 
the charging time of the commutating capacitor is not too 
short otherwise the s.c.r. which is to be turned off will not 
be reverse biased long enough for it to revert to the block- 
ing condition. If L; is too large this will prevent the supply 
from responding to rapid changes in load. 

During the operation of the secondary rectifiers the load 
is being suddenly changed as each segment of the output 
waveform is completed. The sudden changes in load cause 
a transient voltage to be generated across Ji, which will 
also appear at the anode of the primary s.c.r. which is in 
the blocking state at that instant. If this transient is greater 
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than the breakover voltage it will cause the s.c.r. to turn on 
and the invertor will fail. This can be prevented by placing 
a rectifier in parallel with ZL), but this in turn leads to some 
undesirable effects which will be discussed presently. 


INVERTOR DESIGN COMMENTS 
The basic theory as applied to the conventional invertor 
which used thyratrons can be applied to the primary circuit 
of the invertor arrangement shown in Fig. 2. Wagner’ gives 
a mathematical analysis of the conventional parallel circuit 
and it is on this basis that design calculations are carried 
out. In this case an indication of design procedure is given 
for a resistive load. 
K, J and Z are basic parameters used in design of the 
primary circuit, These are expressed as follows: 
K = 4(29C.)Z = 4 {22 
J = 2nfl, (4N*)/R 
Z=R/4N’.... (5) 
In the conventional parallel invertor circuit R, N and f are 
constant; f = 1/f is the operating frequency of the primary 
switching elements and the transformer is designed to 
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Fig. 4. Diode matrix decoding network 


operate at this frequency. In the invertor circuit described, 
however, the mark-to-space ratio of the idealized anode 
waveforms of SCR; and SCR: (Figs. 3(a) and 3(b)) is not 
constant and the transformer design must be commensurate 
with a frequency dictated by the duration of the extended 
central segment which occurs once per half cycle. In this 
case both primary s.c.r.’s are being switched at a fre- 
quency of 2°4kc/s for two-thirds of the total output 
voltage period and switched at 1-2kc/s for the remainder 
of the period. 

J is the ratio of ballast reactance 2xfL, to reflected load 
resistance and N is the secondary to total primary turns. 
N varies over the 400c/s period as the switching of the 
secondary S.c.r.’s is carried out, thus: 

N = 
Secondary turns utilized for generation of any output segment 
total primary turns 

The invertor circuit with resistive load has two modes of 
operation dictated by the value of Li. If L, is large then the 
current from the supply will flow continuously with an 
a.c. component superimposed due to the operation of the 
secondary s.c.r.’s, but if LZ; is small the supply current will 
be pulsating. If K < 3-24J, then with a resistive load the 
current will flow continuously. Both K and J will vary 
depending on the duration and magnitude of the secondary 
voltage segment being generated. In the design of the 
primary circuit the relationship K < 3-24J should be 
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ensured throughout the complete output cycle as each 
secondary s.c.r. is switched and design calculations verified 
by experiment. 


COMMUTATION CAPACITOR 

Proper commutation is essential in the circuit and during 
the switching interval SCR, and SCR, must be reverse 
biased long enough for the gate to regain control. A turn 
off time of 2Susec is generally adequate to cover the manu- 
factured range of s.c.r.’s and thus the commutation ratio, 

turn-off time 
duration of conducting interval 

can be calculated. From data yielded from basic parallel 
invertor theory K can be determined and a value of com- 
mutating capacitor C, estimated to give adequate commuta- 
tion. Again the variation in the primary circuit parameters 
must be considered over the 400c/s output waveform to 
ensure that an adequate value of commutating capacitor 
results. 
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Fig. 5. Trigger pulses to s.c.r.’s 


BALLAST INDUCTOR 

A value of LZ; for continuous current flow is next calcu- 
lated. If the terminal load is not fixed then L; must be 
sufficient to satisfy the conditions for operation at mini- 
mum terminal load. For the purpose of experiment this was 
taken at approximately half the maximum load and the 
relationship : 

2rfli (4N?/Rumax) > K /3-24 

indicates the limitations on the value of inductance J). 
Values of N and f which vary over the cycle should be 
taken to yield the largest value of Li. 


S.C.R. TRIGGER ARRANGEMENTS 

To trigger the s.c.r.’s on the primary and secondary sides 
of the transformer square wave pulses are employed. 

To obtain the required trigger pulses for all the s.c.r.’s 
a ‘ring of twelve’ circuit is used comprising a multi- 
vibrator unit operating at a frequency of 4-8kc/s and driv- 
ing a battery of four bistables with one stage of feedback 
incorporated to give the necessary bistable outputs. The 
outputs from the bistables are fed into a diode matrix de- 
coding network (Fig. 4) and passed through routing diodes 
to obtain the correct pulse train sequences. An amplifying 
transistor and a pulse transformer make up the final stage, 
supplying the gate of each s.c.r. Trigger pulses applied to 
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the individual s.c.r.’s are shown in Fig. 5. Schematic dia- 
grams indicating how the trigger puises are generated for 
SCR3-s are shown in Figs. 6 and 7. Fig. 8 shows a typical 
output stage. 

The purpose of capacitor C is to attenuate stray pulses 
which may occur due to pick-up etc. 

SCR; and SCR, (Fig. 1) are in the conducting state for 
twice the period of the other secondary s.c.r.’s. Since SCR: 
and SCR, are instrumental in effecting commutation of the 
secondary s.c.r.’s provision must be made in the triggering 
arrangements to SCR; and SCR, so that SCR; and SCR; 
are conducting for the required period. To generate the 
necessary pulse trains to trigger SCR; and SCR, an invertor 
and two amplifying transistor stages (shown schematically 
in Fig. 9) are used. Circuit detail is shown in Fig. 10. 

The fundamental frequency of the output depends basic- 
ally on the frequency of operation of the multivibrator; 
this behaves as a clock source for the complete circuit and 
provision can be made for frequency regulation. 


COMMUTATION Loss 
The method of commutation and the need for the ballast 
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inductor and rectifier have been indicated. With an arrange- 
ment of ballast inductor and rectifier as shown in Fig. 2 a 
power loss associated with commutation occurs. 

The anode waveform of SCR: when the rectifier is re- 
moved from circuit is shown in Fig. 11. Consider SCR, 
conducting (Fig. 2); to commutate SCR: SCR: is switched 
on. This immediately causes the potential at the anode cf 
SCR; to fall to —2V; and SCR; is extinguished when the 
reverse bias has been maintained at its anode for a definite 
time. The anode potential of SCR: rises to greater than 
twice the positive supply value as the polarity across C, 
reverses, C, discharges through the left-hand side of the 
transformer and ballast inductor to the positive supply 
terminal. In fact the operation is almost equivalent to a 
step volage being applied to a series circuit containing 
inductance, capacitance and resistance. The resistance is 
small, being made up mainly of the winding resistance of 
half the transformer primary, that of the ballast inductor 
(and the load resistance reflected to the primary in parallel 
with the capacitor). Associated with the inductance- 
capacitance combination is a lightly damped natural oscil- 
lation which is initiated when C. begins to discharge and 
the negative potential at the cathode of SCR: begins to fall. 
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The natural frequency of oscillation is below the operating 
frequency of the primary s.c.r.’s and although little damp- 
ing resistance exists in the primary circuit the oscillation is 
not sustained. The commutation of SCR: causes the 
polarity across the capacitor to be again reversed and the 
oscillation is terminated. The waveform shown in Fig. 11 
indicates the various operations which occur during 
commutation. 

As the resistance in the primary circuit is small the Q 
is quite large and the peak amplitude a encountered in the 
half cycle of natural oscillation may be considerable. Q 
varies as each segment of the output waveform is built up 
due to the variation of the reflected load resistance. The 
peak amplitude of the oscillation may in fact be sufficient 
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to exceed the maximum rating of the s.c.r.’s causing break- 
down with resultant invertor failure, and is dependent on 
the value of terminal load. 

The alternating voltage impressed across the secondary 
winding should ideally be of square waveform to produce 
the waveform predicted in Fig. 1. To achieve this the 
ballast inductor is shunted by a diode MR, which clips the 
peak voltage amplitude of the natural oscillation and gives 
an approximately square wave. The result of clipping on 
the anode waveform of the primary s.c.r.’s is shown by 
the broken line in Fig. 11 and the resulting waveform 
becomes flat topped. 

Associated with the clipped portion of the voltage wave- 
form (the shaded region) an energy loss occurs which is 
proportional to the shaded area. A similar energy loss 
occurs each time each primary s.c.r. is commutated; the 
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result is a large pulsating d.c. circulating in the loop formed 
by: the ballast inductor and rectifier MR; causing a power 
loss in these components. 


CircUIT MODIFICATION 

Fig. 12 shows a method of limiting the voltage at the 
anode of the primary s.c.r.’s without an associated power 
loss. In this case an auto-transformer 7; is used which 
incorporates the necessary ballast inductance in a winding 
made up of N; turns, A turns ratio Ni: N2 greater than 5:1 
is used, When SCR; is commutated the negative excursion 
which occurs due to oscillation is limited to —2V; plus 
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the small voltage developed across N; turns on the auto- 
transformer. The primary centre-tap of transformer 7; will 
try to go negative and due to the transformer action of 
N2 the anode of MR, will be rendered positive, thus bias- 
ing MR; in the forward direction and returning the excess 
energy to the d.c. supply. With this arrangement the d.c. 
source should have a low transient impedance and capa- 
citance across the output of the supply may be required so 
that it can both accept and supply. load power. 


THREE-PHASE OPERATION 

For ease of explanation, a three-phase invertor can be 
considered made up of three single-phase units. The prin- 
ciples of operation to produce each phase output are the 
same as have been described for the single-phase case. The 
120° displacement which occurs between each phase can be 
achieved by suitable selection and routing of the trigger 
pulses to the s.c.r.’s. The output of the diode matrix (Fig. 4) 
can be utilized in the generation of trigger pulses for each 
of the three phases, To achieve the necessary angular dis- 
placement between each of the phases the number of 


ELECTRONIC ENGINEERING 590 


vertical segments building up each half cycle of each phase 
output should be a multiple of three. 

Schematic representation of the pulse generating arrange- 
ments are shown in Fig. 6. Let the three phases be classified, 
red (R); yellow (Y); blue (B) and the s.c.r.’s contributing to 
each phase be designated accordingly. If Fig. 13(a) is con- 
sidered as representative of red phase output then genera- 
tion of yellow and blue phase outputs can be achieved by 
obtaining the necessary phase angular displacement by 
routing suitable pulses from the diode matrix. 

Using the arrangement indicated for a_ three-phase 
invertor the trigger circuits are minimized and simplified if 
the output waveform of each phase is made up from a 
number of segments which is a multiple of three. One ring 
counter circuit can be used to control the three phases and 
the only additional trigger circuits are in the amplifying 
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Fig. 13. Three-phase output waveforms 


Conclusions 

The basis of a technique has been described for a sinu- 
soidal power invertor having an output frequency of 
400c/s. Circuit description is based on a single-phase ver- 
sion delivering approximately 1kW to a resistive load; 
there seems no reason why the same techniques should 
not be applied to yield much larger power outputs as either 
single- or three-phase units. Devices capable of large power 
outputs might also usefully contribute to a technique for 
providing a variable speed constant frequency generator 
required in aircraft. Using the inversion techniques 
indicated accurate control of output frequency is readily 
achieved. 

A sinusoidal invertor of this type could have advantages 
when compared with conventional rotary convertors at 
present used in aircraft. Its operation employs static switch- 
ing with a resulting high efficiency and it contains no 
rotating parts, thus eliminating the problem of commuta- 
tion. With a system (single- or three-phase) operating on 
similar principles to those described, power weight ratios 
would probably be comparable with those obtained from 
the conventional rotary. machine when larger powers are 
being handled. 
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In the single-phase experimental invertor designed to 
deliver approximately 1kW a 1:2kc/s power transformer is 
used to give a 400c/s output. Operating at this high fre- 
quency results in a transformer of greatly reduced size and 
weight compared with an equivalent 400c/s version. 

Incorporation of the auto-transformer 7, to act as a 
voltage limiter increases the inversion efficiency without 
adding complexity to the system. Its weight and bulk can 
be small since its primary inductance is of the order of 
500uH and it offers little penalty to the system when the 
higher efficiency. is considered. 
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APPENDIX 
Let equation of an approximate sinusoid (Fig. 1) be 
F(@) and let C = 1. 
F(6) =a 
7/6 =/3 2/2 
f d6+b{ do+1f dé 


° 


22/3 52/6 ® 
l f d6+b{ dé+af{ dé 
/2 an/3 57/6 


Take F(@) = Aisin 6 + As;sin 36 + A;sin 56 + 


1/~ { F(@) sin 6d0 


°O 


then A, 


{2 
=4/n { F(0) sin 6dé 


4/r f F(#) sin 6d 


+ b (cos 8) + (cos 6) ] 
r/6é 2/3 


- 4/= [a(0’866 — 1-0) + (0-5 — 0-866) + (0 — 0-5)) 
+ 4/7 (0°'134a + 0-366b + 0-5) 


r!i6 


4/z= [a (cos 6) 


/2 


4/ { F(@) sin 36d0 


4/3 [a(0—1-0)+ b(—1.0—0)+ (0+ 10)) 
+ 4/3x(a + b —1) 


4/x { F(@) sin 50d6 
4/5z [al 


0-866 — 1-0) + b(0-5+0°866) + 


(0 — 0°5)} 
+ 4/5 (1°866a 1-366b + 0-5) 


4/x | F(#) sin 76d4 


0-866 — 1-0) + b(0-5+0-866) + 


(0 — 0:5)) 


4/7x [al 
+ 4/7x (1°866a 1-3665 + 0-5) 


4/x f F(6) sin 96d0 
4/9x [a(0 — 1-0) + b(— 1-0—0) + (0+ 1-0)] 


Ay + 4/9x (a+b 1) 


Au = 4/" f F(@) sin 110d6 
°o 
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1:0) + (0-5 — 0-866) + 
(0 — 0°5)) 


4/117 [a(0-866 - 


+ 4/112 (0-134a +0-366b + 0-5) 
a/2 


4 inf F(6) sin 130d6 


0-866) + 
(0 — 0-5) 


4/132 [a(0-866 — 1:0) + b(0°5 


+ 4/132 (0-134a + 0-366b + 0°5) 


7/2 


x { F(6) sin 156d0 


4/15 [a(0— 1-0) + b( — 1-0—0)+ (0+ 1-0)) 
+ 4/152 (a + b — 1) 


x { F(@) sin 176d6 


1:0) + b(0-5+0°866) + 
(0 — 0:5)) 


4/17 [a( — 0-866 


+ 4/172 (1-866a 1-366b + 0-5) 


7/2 


x f F(#) sin 196d0 


1-0) + b(0-5 + 0-866) + 
(0 — 0°5)) 


19x [a( — 0-866 


19x (1-866a 


7 f F(6) sin 210d0 
°o 


1:366b + 0-5) 


4/21 [a(O— 1-0) + b(1-0—0) + (0+ 1-0)) 


+ 4/21n (a+ b —1) 
x { F(6) sin 236d0 
°o 


1:0) + b(0-5 —0-866) + 


(0 0-5)) 


4/23 [a(0-866 


23x (0-134a + 0-366b + 0-5) 
» « 


If coefficients are solved for A; = A; = 0 then A:, As, 
As, Ais, An etc. will also equal zero. 
Thus for A; = A; = 0: 
a+b=10.. (1) 
1:866a 1-3665 = 0-5 . (2) 


Substitute m (2) for a 
a=] b 

- 18665 
2:366 


1:866 1-3665 0-5 
., 32326 
* b = 0-735 
Substitute (3) m (1) 
a 1-0 
a = 0265 
Thus A;, An, Ais, Ass etc. can be obtained from: 
Ayn = 4/nz 0036 + 0:269 + 0-5 
An 4/nz (0-805) 
A» 1-:02/n 
A,{) l/n 
- Ai=1, An 1/11, A» = 
Hence: 
F(@é) = sin +1 


0-735 


1/13, Ax 1/23 etc. 


11 sin 116+1/13 sin 136 +1/23 sin 236+ 
1/25 sin 256 + etc. 
Using the mathematical results it can be seen that all 
harmonics up to the eleventh are ideally not present. 
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A Solid-State D.C. Amplifier with Floating 
Input and Low Drift 


By IL. C. Hutcheont, M.A., M.LE.E., A.M.J.Mech.E., and D. Summers*, Grad.LE.E. 


A solid-state chopper-type d.c. amplifier is described whose input, output and supply terminals are 

isolated electrically from each other and from the chassis. It rejects common-mode input signals 

up to 300V d.c. or ac., and allows the output to be earthed or held at any desired potential within 
the same limits. 


Isolation between input and output is provided by a magnetic-type output stage which delivers 
0 to 10mA d.c. into any load between 0 and 2:‘5kQ, and has a drift of +01 per cent. If isola- 
tion is not required, this stage may be by-passed and the overall accuracy correspondingly im- 
proved. The gain of all preceding stages can be stabilized within +0-05 per cent or better, at any 


desired value up to 10mA/yA and 10mA/mV, by overall negative d.c. feedback. 


Provision is 


made for connecting non-linear circuits in the feedback loop. 
A temperature-controlled silicon transistor chopper, operating at 200c/s, holds the zero drift below 


+5uV and about +1muA in ambient temperatures between 0 and 50°C. 


Changes in supply 


voltage or frequency within the limits 180 to 270V or 90 to 135V, 40 to 60c/s, and 18 to 30V d.c., 
have negligible effect on the performance. 


(Voir page 621 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 628) 


ETHODS of instrumentation for industrial process 

control have undergone a considerable change in 
recent years, and current practice is to employ a number 
of individual units, each performing a single function and 
operating on a common transmission signal. Thus a 
simple typical scheme might include: — 


(a) A primary detecting element, e.g. a thermocouple, 
resistance thermometer, load cell, strain gauge, 
ionization chamber etc. 


(b) An amplifier to convert the small signal from 
the detecting element into a standard transmis- 
sion signal of for example 0 to 10mA d.c. 


(c) An indicator and/or a recorder operating on the 
transmitted signal. 


(d) A controller, generating proportional, integral 
and differential functions of the difference be- 
tween a ‘desired value’ voltage and a voltage 
derived from the transmitted signal. 


(e) A regulator, operated by the controller and con- 
trolling the process. 


Most of the units required under (b) and (d) above are 
based on low-drift d.c. amplification, and there is much 
to be gained by using a single basic design of amplifier, 
constructed on modular principles, which can be made 
to fulfil all the requirements. The amplifier shown in 
Fig. 1 has been designed with this in mind. 

Many of the requirements under (b) are very similar 
to one another and can be met by simply changing a 
range card carrying feedback components. For these 
purposes the amplifier must have a drift no greater than 
a few microvolts. The major problem in controller 
design on the other hand, is to provide accurate inte- 
gration of the error signal over periods up to half an 
hour or more. This can be done by connecting suitable 
capacitors in a feedback loop around the whole amplifier, 
provided that its current drift does not exceed a few 
millimicroamperes. 


To meet the requirements of low drift and high relia- 
+ G. Kent Lid 
* Formerly G. Kent Lid, now with Texas Instruments Lid 
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Fig. 1. Side view of amplifier 


bility, a transistor chopper system appeared to offer the 
best solution, providing at the same time a small unit at 
reasonable cost. A further requirement was the need to 
reject common-mode input signals which, in industrial 
applications, may at times rise to hundreds of volts, parti- 
cularly when a number of units are used in cascade, or 
when thermocouples are mounted in electric furnaces. 


The method chosen involves the use of a d.c. isolating 
output stage of unity gain, and requires the whole am- 
plifier section to float at the input potential. This in 
turn has a substantial bearing on the mechanical layout 
of the unit. 


Amplifying System 

Fig. 2 shows the amplifying system. The input signal 
is applied to a transistor chopper-type d.c. amplifier 
which is stabilized in gain by a single overall d.c. nega- 
tive feedback loop, and completely enclosed by a con- 
ducting screen. This screen is insulated from the chassis, 
which is earthed, and is connected to an input guard 
terminal. The output is derived from a d.c. isolating 
Stage of accurate gain, based on the use of a low-loss 
current transformer, the two windings of this transformer 
being isolated from one another by two separate screens, 
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one being connected to the input guard terminal and the 
other to an output guard terminal. 

Similar guard techniques are used at the rear connect- 
ors, and it is therefore possible, by holding the guard 
terminals at the appropriate potentials, to isolate the input 
circuit and the output circuit from each other and from 
the rest of the unit, i.e. from the supplies and earth. In 
consequence, the amplifier can be rendered almost com- 
pletely immune to large ‘ common-mode’ voltages between 
either the input terminals or the output terminals and 
earth. 

In practice, d.c. common-mode signals are attenu- 
ated by a factor exceeding 10’ when a resistance of 1k2 
is connected in either or both input leads, while a 300V 
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Power Supplies 

Power for the amplifying system is provided by the 
arrangement shown in Fig. 3. A 200c/s relaxation 
oscillator provides four separate regulated a.c. outputs, 
which are rectified and smoothed where necessary, and 
supply the a.c. amplifier, the feedback integrator, the 
isolator, the input and output choppers and one auxili- 
ary circuit such as may be required, for example, for 
thermocouple cold-junction compensation. 

The oscillator operates from a low impedance d.c. 
supply which is provided by a series transistor regulator 
and Zener diode reference. 

The regulator output is nominally 17V, but can be 
adjusted until the most important output from the oscil- 

lator has precisely the 
desired value. All the 
' outputs are stable with- 
in +1 per cent. The 
input to the regulator 
is 18 to 30V dc., and 
this can be derived 
either from a_ battery 
or from the mains via 
a built-in transformer 
and rectifier unit. 
This arrangement 
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may at first sight seem 
complicated, but in 


Fig. 2. Arrangement of amplifying system 


50c/s common mode 
signal causes no d.c. ' 
error under the same 
conditions. 

The maximum volt- 
age which can be toler- 
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determined by the re- VaO w ecbels 
levant insulation thick- 

nesses, and is at least 
300V. In applications 
where there exists a 
large common-mode 
input voltage, it may 
be necessary to screen 
the two input leads, in which case the screen itself is used 
to connect the input guard terminal to the source. 

A further virtue of this arrangement is that the input 
line is never earthed in two places. Local circulating 
currents are thereby avoided, and a common cause of 
series pick-up is eliminated. 

Drift is held at a low level by a temperature-stabilized 
transistor chopper, and since this operates at 200c/s, line- 
frequency series pick-up does not produce any offset. 
Non-linear networks can be connected in the feedback 
loop if desired, to correct for non-linearity in the primary 
measuring device. 

A large number of local negative feedback loops 
throughout the system e!iminate the effects of initial 
spreads or subsequent changes in transistor characteristics. 

Consequently, any transistor or diode can be exchanged 
for another of the same type (and in many cases of a 
somewhat different type) with no effect on the operation, 
excepting in one or two cases the need for re-adjustment 
of a zero control. All the circuits are designed to oper- 
ate in ambient temperatures up to 60°C. 





Alternative supply 
ens 
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Fig. 3. Arrangement of power supplies 


fact provides a number of advantages. The most obvious 
of these is that the amplifier is completely isolated 
from both d.c. and a.c. supplies and can float as required 
to give common mode rejection. Furthermore, it is com- 
pletely immune to supply changes of +20 per cent, and 
a simple three-position selector allows it to be operated 
from a wide range of a.c. or d.c. supplies. 

Less obvious, but equally important, is the simplifica- 
tion which the use of stable and accurate supplies permits 
in the design of the chopper-type amplifier and auxiliary 
circuits. To take an example, temperatures are often 
measured from an elevated zero, and this requires a 
reference voltage which is stable to +0-2 per cent. This 
can readily be obtained by operating a single Zener 
diode of low temperature coefficient directly from the 
main regulated supply. 

It may be noted that rectified 200c/s square waves do 
not need much smoothing and that the ripple currents 
flowing through the smoothing capacitors are very small. 


Construction and Layout 
To simplify production and servicing, the complete 
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amplifier is constructed from six pre-fabricated sub units. 


These are: — 

(1) Mains Unit. A built-in voltage selector enables 
this unit to operate from either of two ranges of a.c. 
mains voltage, namely 90 to 135V or 180 to 270V (40 to 
60c/s). A further position on the selector by-passes the 
unit and allows use of a battery supply of 18 to 30V d.c. 

(2) Regulator-Oscillator. The regulator section deliv- 
ers a nominal 17V d.c. to the oscillator. The latter 
operates at 200c/s +10 per cent and provides up to 5W 
output. 

(3) Distribution Unit. This contains rectifying and 
smoothing circuits to provide the various d.c. supplies. 
It makes these, and the square-wave drive signals for the 
choppers, available on terminal blocks. It also contains 
the transistor which controls the feedback current. 

(4) Isolator. This has a gain of unity and a drift of 
+0-1 per cent and provides an isolated output of 0 to 


10mA at 25V max. Up to 15mA can be provided if 


necessary. 


Outputs 


Jt 


> 


n 
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To input guard 
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Fig. 4. The regulator and oscillator 


(5) Range Card. This is an easily changed screw-in 
card carrying all the circuits and components associated 
with the application of the unit, e.g. feedback resistors, 
linearizing networks etc. (The cold junction coil for 
thermocouples is an exception, being mounted near the 
cable terminations on the external case). 

(6) Amplifier Card. This comprises the complete 
chopper-type d.c. amplifier, including the transistor oven 
and its control amplifier, and provides an output of 
approximately 0 to S5V d.c. 

The first four sub-units, which together form the power 
supply and output stage, are permanently wired together 
for maximum reliability but can be removed individually 
by using a soldering iron. They occupy the rear part 
of the chassis and so form a useful basis on which other 
designs can be constructed using a minimum of new 
parts. The amplifier and range cards occupy the for- 
ward part of the chassis and both can be removed with 
the aid of a screwdriver. 

All connexions to the amplifier are made via a flexible 
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cable at the rear which can be detached when necessary. 
A plug and socket connects both the mains supply and 
the amplifier output. The input is connected via a 
terminal block and fanning strip. 


Circuit Details 
REGULATOR AND OSCILLATOR 

Fig. 4 is a circuit diagram of the regulator and oscilla- 
tor, both of which contain features of interest. 

Regulation is effected by a power transistor, V7i, con- 
nected in series with the negative line and mounted in 
contact with the chassis which forms a very good heat 
sink. Two Zener diodes MRZ, and MRZ, and an ampli- 
fying transistor V7: provide the control signal to V7; 
in conventional manner. Resistor R. provides a small 
bias current for starting purposes, but its effect is negli- 
gible once the oscillator has started and a regulated bias 
current is then derived from the oscillator. In consequence 
the currents carried by the amplifying transistor and by 
the two Zener diodes are almost independent of supply 
variations which therefore have very little effect on the 
oscillator output. Potentiometer RV: compensates for 
spreads in Zener voltage, while diodes MR, and MR; 
provide compensation for the temperature coefficient of 
the Zener voltage. 

The oscillator contains two transformers. A small 
saturable transformer, 71, switches two power transistors, 
VT; and VT,, alternately on and off at 200c/s. These 
connect the 17V supply across first one and then the 
other half of the primary winding of a considerably 
larger transformer 7: whose secondaries provide the 
desired outputs. Saturation losses are confined to the 
small driver transformer, which operates at a low power 
level, and the combination provides sharp square waves 
even when cheap core materials are employed. 

All the output windings are balanced in capacitance 
to the secondary screen, so as to minimize the circulation 
of stray 200c/s currents from one winding to another 
via the amplifier circuits. Resistor Rs provides a small 
current to start the oscillator. 


CHOPPER-TYPE D.C. AMPLIFIER 

Fig. 5 shows the circuit of the d.c. amplifier which is 
contained on a single printed-circuit board. It com- 
prises a transistor input chopper, V7:, mounted in a 
small temperature-controlled oven, the oven control am- 
plifier, A, a high gain a.c. amplifier, comprising V7» to 
VT;, a transistor demodulator or output chopper, VTs, 
and a feedback integrator smoothing circuit based on 
transistors VT, and VT». It provides an output of 0 to 
~—5V at Oto ImA. A separate silicon transistor mounted 
in the supply distribution unit converts this into a current 
of 0 to 10mA. 

Operation of the amplifier has already been described 
in detail’, and briefly is as follows. Once in every cycle, 
the input chopper and the demodulator close simultane- 
ously, and the various coupling capacitors have their 
potentials reset to values which ensure that zero input 
signal corresponds to zero output. During the periods 
when the switches are open, therefore, the amplifier and 
its coupling capacitors form a drift-corrected d.c. ampli- 
fier connected between the input and the integrator so 
that, if any error signal is present, the output and hence 
the feedback change in a direction which reduces the 
error. 

The time-constant of the input circuit in the clamped 
state is made just sufficiently long to preserve a moder- 
ately square waveform, while that of the output circuit is 
made shorter than the clamped period so that the reset- 
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ting process is carried as far as possible during each 
cycle. Both time-constants in the unclamped state are 
made relatively long, in order to preserve maximum gain. 


INPUT CHOPPER 

The input chopper', V7, which is an inverted silicon 
alloy transistor, is driven at 200c/s from a floating wind- 
ing on the oscillator output transformer. 

A Zener diode MRZ,, which is mounted together with 
the transistor in a temperature-stabilized oven, provides 


extremely stable negative pulses to clamp the transistor 
and to compensate for its voltage offset, which is within 


the range 0-5 to 1-‘SmV. The amount of compensation is 
determined by a wire-wound resistor R;, whose value is 
chosen to suit the particular transistor, and by the vari- 
able resistor RV:, which provides a suitable amount of 
zero adjustment. Positive going pulses are blocked by 
the silicon diode MR, and during this time the transistor 
rests in the off condition, its resistance exceeding 10OMQ 
at the oven temperature of 60°C. 

Reverse leakage through the diode does not exceed 
about 10-°A at 60°C. About one tenth of this reaches 
the base of the transistor and not more than about one 
hundredth flows out of the emitter. The resultant cur- 
rent drift is therefore below about 10-"A. The voltage 
drift with ambient temperature variations of +25°C is 
below about +5uV. 

Transistor switching transients are quite large with the 
alloy-type transistor, but owing to the low chopping fre- 
quency their effect is small. The supply winding is so 
orientated on the transformer that one end naturally 
resides at the same potential as the secondary screen. 
This avoids the introduction of further transients. 

The temperature-stabilized oven, depicted in Fig. 6, 
is a cylindrical block of aluminium, drilled to take the 
transistor and Zener diode, and having a thermistor at- 
tached to one end and a heating coil wound on the outside. 
The thermistor and a fixed resistor are connected in series 
across a centre-tapped d.c. supply, and the current 
derived from their junction controls the heating coil via 
a simple d.c. amplifier. Total power consumption is 
about 1:SW, and the amplifier is designed so that the 
current drawn from the supply remains constant. 
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Fig. 5. The chopper-type d.c. amplifier 


A.C. AMPLIFIER 

The a.c. amplifier comprises two groups of three direct- 
coupled transistors, each having a single d.c. negative 
feedback loop to stabilize the operating points of the 
transistors. This method’ is very effective, and the cir- 
cuits are stable up to at least 70°C. The forward a.c. 
gain is defined by four local a.c. negative feedback loops, 
being approximately equal to (R:/R:s(Ro/ Rw)Ri 
R,)RisV/A and almost independent of the transistor 
parameters. 

The gain is adjusted to suit the span of the amplifier 
by changing the value of resistor Ri which is mounted 
on the range card. Maximum gain is about 100V/uA 
which renders the integrator drift negligible in relation 
to the drift of the input chopper. 


FEEDBACK INTEGRATOR 

A feedback integrator is used, rather than a simple RC 
smoothing circuit, since it enables the demodulator to 
operate normally at a signal level no greater than a few 
tens of millivolts (sufficient to overcome the drift of the 
integrator) and permits very much larger signals to be 
handled without the onset of saturation. In consequence, 
the response to large changes of input signal is relatively 


Fig. 6. Temperature-stabilized oven 
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Fig. 7. Block diagram showing main characteristics 


fast, and the amplifier will tolerate substantial series 
pick-up without saturating. 

The integrating amplifier, comprising V7, and VT 
in Fig. 5, is basically an npn-pnp transistor pair with an 
initial adjustment for voltage offset. The voltage drift 
at the input terminals for a temperature rise from 25 to 
50°C measured less than 20mV on a number of units, and 
a limit value of 50mV is adopted for performance calcu- 
lations. The output is 0 to —5V, and the steady-state 
voltage gain is typically about 200. It is estimated that 
the gain should never fall below 100 even after a very 
long period of ageing. 


D.C. ISOLATOR 


The isolator is based on the use of a low-loss current 
transformer. The output transistor is provided with a 
floating d.c. supply of 68V in series with the collector 
by a bridge rectifier, smoothing capacitor and 200c/s a.c. 
supply. The transistor controls a direct current, /, 
through the bridge and, since the reverse leakage currents 
of the diodes and smoothing capacitor are below a few 
pA, the alternating current supplied to the bridge is an 
approximate square wave whose mean amplitude is pre- 
cisely 2/. This is fed to another similar bridge rectifier 
via the current transformer whose loss current is extremely 
low. The original direct current, J, is therefore repeated 
precisely, in the load resistor. The maximum output 
voltage is about 25V, the drift is less than +0-1 per cent 
up to 60°C, and the output impedance is 1M2. 


Performance 

The overall performance of the amplifier depends on 
a number of factors including the degree of feedback 
and the forward gain employed, and can be varied to 
suit particular requirements. Fig. 7 shows some of the 
main factors to be considered. The feedback can be 
arranged for either voltage or current inputs. 


The steady-state gain of the overall d.c. feedback loop 
can be increased to more than 20000 before instability 
occurs, and a typical choice is 4000 with a minimum of 
2000. This holds the net gain within +0-025 per cent 
if drifts in value of the feedback resistor are neglected. 
Too high a loop gain is to be avoided, since it increases 
the sensitivity to series pick-up. With the above value 
of loop gain, the integrator drift, referred to the input, 
has a maximum value of 0-05 per cent of the span. 


The value of the integrating capacitor is chosen in 
relation to the integrator drift so as to provide a suitably 
smooth feedback current. For loop gains of the above 
order, a value of 25uF is suitable. The maximum 
average current which can be supplied to the integrator 
is 2‘5mA which charges this capacitor at a rate of 
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with a single-stage RC in- 
put filter (1kQ and 100uF) 
it is completely unaffected 
by 50c/s series pick-up 
signals whose r.m.s. magnitude is up to 25 per cent of 
the span. Addition of a second similar stage of filtering 
increases this figure to 5 or 10 times the span. Still further 
improvement is obtainable by reducing the loop gain below 
2 000. 
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An Airline Seat Reservation System 


British European Airways have signed a £2°5M contract with 
Standard Telephones & Cables Ltd for a computer controlled 
seat reservation system. 

The contract is for the first part of an electronic, automatic 
seat-booking system which—at an estimated ultimate cost of 
£4-5M—will be the biggest of its kind in Europe and one of 
the most modern and most fully-automated systems employed 
by any airline in the world. 

The first part of the system will be in operation late in 
1963 and by the end of 1964, when the system is in full 
operation, it will be dealing with some 3 000 telephone callers, 
280 counter-callers and 500 telegraph messages per hour. This 
will mean, during the peak booking months, the complete 
elimination of over half a million reservation record cards, 
100 000 flight control sheets and well over a million booking 
entries which would otherwise have been made by hand. 

Four electronic computers will form the heart of the sys- 
tem and will be installed in BEA’s new permanent West London 
Air Terminal, now under construction. Reliability will be en- 
sured by the interconnexion of all four computing machines 
enabling all booking status records to be fully duplicated. 

The computer system will handle bookings on all BEA 
flights up to nine months ahead and store all reservations 
records for these flights using magnetic drums and rapid- 
access magnetic tape files. A reservations clerk, using a push- 
button desk set and a special teleprinter, will be able to enquire 
about the availability of seats on any flight, select one parti- 
cular flight from several alternatives offered and make the 
required bookings. Having booked the required number of 
seats, the full passenger details are entered through the tele- 
printer to be stored by the central computer on the magnetic 
tape file. 

Initially only reservations clerks in the London area will be 
connected directly to the computing centre. Bookings made 
through other BEA offices and by other airlines will still be 
telegraphed to the London centre but these messages will in 
future be automatically processed by the computers. 
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An Economical Reversible 


Transistor Decade Counter 


By Irwin Scollar*, Pb.D. 


A reversible decade counter for sequential subtraction using eight transistors, thirty diodes and RC 

circuits only is described. The counter is capable of handling pulses up to 150kc/s with reversal at a 

50kc/s rate. Counting is in the complementary 1242 code with reversal obtained by means of diode- 

resistor AND gates between the stages. Feedback for the decade count is non-interacting in both 

directions and requires no switching. The basic binaries have a self-steering all diode input circuit 
which permits higher count rates than do resistance-diode gated arrangements. 


(Voir page 621 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 628) 


N conjunction with the development of a self-compensat- 
ing proton resonance magnetometer an economical 
reversible decade counter was required. Examination of 
the literature showed several designs already available. One 
of these, due to Richards', proved on construction to 
require amplification between the binary stages to make up 
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Fig. 1. The use o! 


devices used in the magnetometer required inputs in the 
commonly used 1242 code. A biquinary code, together with 
a large number of transistors is used in the counter 
described anonymously‘. 

Binary reversible counters using some form of output 
gating from each binary have been published. They all 
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Fig. 2. Reversible decade counter 


for rather large losses in the or gates used. Another, that 
of Carlson’, counted in a weighted code’ (8421) which has 
certain disadvantages during the turn-on period when used 
with sensitive indicating instruments and further seemed 
rather extravagant of components. Furthermore, other 


* Rheinisches Landesmuseum, Bonn, Germany. 
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seem to have in common the selection of output from either 
the left or right member of a binary pair by means of the 
application of a voltage of appropriate polarity to one of 
the two AND gates, the opposite polarity being applied to 
the other. Fenemore’s® discussion of this type of counter 
will not be repeated here, It was felt desirable to utilize the 
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binary reversible counter of Fenemore with some simple 
feedback system not requiring switching or gating in order 
to obtain an economical reversible decade counter. 


One of the simplest and cheapest of the many published 
decade counter circuits is that based on the 1242 weighted 
code. It is not the fastest counter, but the code is inherently 
self-complementing and hence poses fewer problems when 
building a reversible unit. Characteristic of the feedback 
connexions in this type of counter is the use of a pulse 
from the last binary produced by its transition on the 
receipt of carries from the 8 input pulse to reset the 
second and third binaries. Hence the 9" pulse arrives to 
find the counter in the state corresponding to binary 14. 
The speed of the counter is limited due to the delay 
encountered in propagating carries all the way to the 
fourth binary, and then propagating a return pulse to reset 
the second and third binaries, along with their reset times. 
During this time, no further carries from the first binary 
can be dealt with. Hence, to achieve reasonable operating 
speeds, the second, third and fourth binaries must have 
short transfer times. In practice, the upper counting limit 
before feedback breaks down appears to be of the order of 
one third that of a single binary operating in isolation. 


Designating conduction with a ‘1’, and non-conduction 
with a ‘0’ in the usual manner, the operation of such a 
counter can be described in the way shown in the top 
half of Table 1. Carries between binaries are indicated by 
arrows. The position of the start of the arrow indicates 
the member of the binary pair which originates the positive 
carry pulses. The heavier arrows in the opposite direction 
show the paths and origins of the feedback pulses. 


To obtain a reversible decade, AND gates are now inter- 
posed between the binaries so that, upon application 
of a negative voltage on one of the gate lines, positive 
pulses may pass to the next stage. The scheme is shown 
in Fig. 1. When a negative voltage is applied to the for- 
ward line, the reverse line being earthed, pulses feed 
forward in the normal manner from the right-hand collec- 
tors as shown in the first half of Table 1. If a negative 
potential is applied to the reverse line, the forward line 
being grounded, pulses feed forward from the left-hand 
collectors as shown by the arrows in the second half 
of Table 1. In order to obtain a decade count, feedback 
is required to be taken from the 8 collector to the 3"¢ 
and 5‘ bases when using negative feedback pulses on 
forward counting and from the 7™ collector to the 4" and 
6 bases on reverse counting. Negative going feedback 
pulses are desirable since they give a shorter switching 
time in a binary. Diodes must be used for isolation as 
shown in Fig. 2. Additional diodes are required from base 
to emitter on all transistors. In the first three stages these 
serve to raise the binary operating speeds by clamping the 
positive input pulse level. 

There is no interaction between the two feedback net- 
works as can be seen from an inspection of Table 1. After 
the completion of the 7 pulse in the forward direction, 
the last binary is in the state 01. The carry pulse in step 
8(a) trips this binary producing a negative going pulse 
at the 8" collector which eventually resets binaries 2 and 
3 giving the stable state 8(b). The 9 pulse resets the 
first binary only. On receipt of the 10 pulse, a negative 
going pulse is produced at the 7 collector and is 
fed back through the diodes to the 4 and 6" bases, 
but since these transistors are conducting anyway, there 
is no further effect. This is indicated by the crosses on 
the feedback arrows in Table 1. A similar situation exists 
with regard to the feedback pulses produced on the 10% 
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pulse when counting in reverse. Thus the two feedback 
networks operate independently of each other without 
switching and the counting direction is determined solely 
by the state of the forward-reverse lines. 


The basic binaries used in this counter, Fig. 3, do not 
have resistor gating arrangements for steering the input 
pulses. Instead, a single diode is so connected at the 


TABLE 1 
Logic table for reversible decades counting in the 1242 code 
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input that negative going pulses are clipped. Since the 
binary pair is much more sensitive to positive pulses 
applied to the base in this fashion, the circuit is self-gating. 
Tests with the cheapest available low frequency transistors 
produced a much higher frequency limit with this arrange- 
ment than with resistor gating arrangements, at no increase 
in cost. With the OC304’s shown, each having an average 
d.c. 8 of 35 and an f, of 900kc/s, the binaries operate 
successfully up to about 400kc/s with transistors of like 
current gain. Some pairs go as high as 600kc/s. With the 
same transistors in a resistance steered circuit driven by 
the same source, a Phillips GM2324 square wave generator 
set for 8V output, operation above an average of 45kc/s 
could not be obtained reliably and the waveform at the 
lower frequencies was not as pure as the circuit shown. 
The binaries using this circuit appear to be more sensitive, 
operating on as little as 0-5V input, though with some 
sacrifice in high frequency performance. This sensitivity 
permits the use of high loss gates between stages. 


Sensitivity is controlled to a large extent by the degree of 
bottoming of the ‘on’ transistor. If the external base to 
earth resistance is made smaller, the bottoming drive 
current is reduced and the stage becomes more sensitive. 
Furthermore, the thermal stability is improved. However, 
a point is soon reached where the decreased value of base 
to earth resistance begins to load the driving stage output 
impedance as seen through the gate impedance, and sensi- 
tivity is reduced. It must be remembered that any reset 
resistors which are normally earthed to prevent interaction 
between counters—they are momentarily connected to the 
negative supply for resetting—are in parallel with the base 
to earth resistance. With the circuit and transistors shown, 
3-3kQ seems to be an optimum value for total base to 
earth resistance for average transistor pulse amplification. 
Higher values are permissible at some sacrifice in thermal 
stability and sensitivity up to about 4-7k{2, beyond which 
many transistors refuse to flip. 

In the application envisaged for these counters, the pulse 
trains are subtracted sequentially, stemming as they do from 
a single source, so there is ample time to make the transi- 
tion from forward to reverse counting. Hence the appro- 
priate voltages are applied to the forward and reverse lines 
with a relay. It was found necessary to limit the rise-time 
of the switching process. If it is too short there is some 
danger that positive going pulses, produced by the formerly 
negative line swinging to earth potential, may trip one or 
more binaries through the gating resistors. Hence the 
rise-time is limited by an RC circuit on the forward-reverse 
lines. These lines could also be actuated by a set-reset 
binary controlled from separate pulse sources whose differ- 
ence was desired simultaneously. The two pulse sources 
would also have to be mixed in an input or gate as well. 
With this arrangement, the speed of the counter would be 
reduced to that imposed by the limitation on the rise-time 
of the forward-reverse limes. In the counter described, 
limiting the rise-time to 20usec seemed to prevent false 
counts. This would imply an upper frequency limit of 
50kc/s for a simultaneous subtraction counter using the 
constants presented here. In sequential operation, the fre- 
quency limit lies at or above 150kc/s with the transistors 
used. 


The counters were constructed using standard Inter- 
metall OC304's, and 10 per cent tolerance resistors and 
capacitors. They perform reliably up to 150kc/s in sequen- 
tial subtraction. They lend themselves well to printed circuit 
construction because of their inherent symmetry. If it is 
so desired, the 2V positive supply may be replaced by. a 
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single small resistor of about 39 and a by-pass capacitor, 
transferring the earth to the former 2V terminal. This 
appears to have no effect on performance and in fact 
improves the thermal stability. It is advisable to make this 
resistor adjustable in order to compensate for variations 
between different sets of transistors, especially with regard 
to positive pulse amplification. A range of values will be 
found which gives most reliable operation. Values outside 
this range produce either total failure in one or more stages 
to divide or such enhanced sensitivity to positive pulses 
that the binaries trigger on leakage through the off AND 
gate or through the diodes in the feedback networks. 


It has been found useful to select transistors in pairs 
using the circuit itself as a testing device. Selection is made 
in the third or fourth stage. Base to earth resistance is made 
variable and is adjusted for reliable binary operation with 
good sensitivity and waveform. Pairs with similar values 
of required base to earth resistance are then assembled 
into complete counters. 
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Fig. 3. The basic binary circuits 


Using only 8 of the cheapest available transistors 
and 32 of the cheapest point contact diodes (Te Ka De 
4/10 reverse current < SuA at —3V, forward current 
4mA at 1V), economical resistors and capacitors (10 per 
cent tolerance, } watt), units have been produced which 
compare favourably in cost with any other similar unit. 
Consumption is about 450mW. 
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The Unsymmetrical Difference Amplifier 
By R. C. Marshall*, M.A., Grad. LE.E. 


The difference amplifier, or long tailed pair, is useful 

as a phase splitter, a difference amplifier, or a low drift 

d.c. amplifier. In this article the circuit is analysed to 

show its behaviour and examples given of the design 
of an unsymmetrical stage. 


(Voir page 621 pour le résumé en francais: 
Zusammenfassung in deutscher Sprache auf Seite 628) 


HE difference amplifier comprises two valves with a 

common cathode resistor and has two inputs and two 
outputs. If, in Fig. 1 the cathode resistor is very large 
and is supplied from a very large negative voltage, any 
small changes of cathode voltage due to signals on the 
grids cannot affect the total cathode current, as they are 
very small compared with the total voltage across Ry. Any 
rise in the anode current of V;, due to a positive change 
5Ver in the potential of the grid of Vi, must be counter- 
balanced by an equal reduction in V2 anode current. The 





+ 





Fig. 1. The basic circuit, showing symbols used 

cathode potential will change by the small amount needed 
to obtain this equal change in anode currents. If the halves 
are identical and had identical load resistors, this change 
would be 4V.:/2. Since the voltage applied between grid 
and cathode is half the input signal, the gain to either 
anode is half that expected from a single amplifier stage 
with the same load. 

This argument, although inaccurate, illustrates the 
operation of the circuit and the two factors used in the 
following calculation. The symbols are those of Fig, 1. The 
factors are a, the ratio of the valve parameters and (;, 
the ‘tail length’. « is unity for identical valves and equal 
anode loads and /£ tends to unity as Ry tends to infinity. 
They are defined as: 

a2 + Rx 
Tai 7 Ra 


Thus for pentodes a = 


a= 


&:/ 82: 
(Fas + Ra») 


Bi = 1 + 
(1 + m)Rx 


1 + (1/gaRx). 

The equivalent circuit, when the input connexion is to 
V, is obtained by considering V; as an amplifier with both 
anode and cathode loads and V2 as a grounded grid ampli- 
fier, whose input impedance is Zins. (See Fig. 2.) 


and for V2 pentode, £; - 


* George Kent Lid, former’y with De Havilland Aircraft Co 
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écr(l + the) 
PX ee 


ra + Rae 


and €23 ‘econ = 


also) Zing = Ccs/ta = 

The first stage is a normal amplifier with a cathode 
circuit impedance: 

Ry . Zin2 

Rx + Zine 

Substituting for Ry from equation (2) and for Zin: from 
equation (4): 


Le = 


rao + Rag 


(1 + mw) (2: — 1) 
eaeitees “i WR 
(1 + m2) (Bi — 1) * 


= Ta + Rs, 
~ Bi (1 + me) 


Treo + Ras 
1 + pe 


ra + Rao 


1 + pe 
Z. 


Referring again to Fig. 2(b): 
€ap = €ac + Zeia 
= ia (rai a 2 Ra + Z.) 


myCac 


i M1CaB 
- la = 


ra + Ra + Ze (1 + m1) 


". ecs/@aB 


és: /€an = 


i+ Ra 
uiRai 
Tal + Ra 


but u:Rai/(rai + Rai) is the gain of V; as a simple ampli- 

fier, call this A;, and substitute for Z. from equation (5) 
1 

(Ta: T R, ya + 1) 

Ra) CU + po) 


én / €as ee 
1 + 


Gi (rat 


from equation (1) 
€31/ Can A. 


From equations (3) and (6), as: 


€23/ CaB e:3/@cpn . Ccp/ Cas, 
then: 


(1 + m)Ra 


€3/€an = - 


Zc 
ra + Rar + Ze(1 + mi) 


From equation (5), substituting for Z, and re-arranging: 
(rao + R, )/ Bs 
~~ (rar + Raz + 1) 


rao + Rao 


€03/€an = fi/ Me. As ° 
ra t+ Rai rT 


i+ 4. Sek. il 


/ 
= prij 2 - 2 
Te m (B:/2) + 1 


Equations (7) and (8) give the gains to each anode. It 
will be seen that the gain of the first and second valves 
can be expressed in similar forms, the second being subject 
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to a correction factor: 
par 1 + pe 
te 1 . Mi 
due to the fact that it is driven at its cathode. In all prac- 
tical cases, the effect of this term is negligible. 
For identical valves and Ry large, both « and £; are 
near unity, and the gain is as given by the earlier argument. 
The ratio of outputs, when the valves are identical is: 


1 + (1/f)) 
sey By mi 
and from this the unbalance can be calculated. 
Now consider the case with an input eps at the grid of 
V2. The effect of this may. be determined by interchang- 


@23/@n = 








Fig. 2. The equivalent circuit 


ing the suffices | and 2, and A and D, in the equations 
above, and making use of the fact that a. = 1/a and: 
(B2/a2)+ 1 = Bitar 

Hence ¢é:3/ens = the gain é2/ean with subscripts revised. 
1 + mm 
1+ po Bi + a 
Thus the ratio of gains to V; anode from V; grid and V; 
grid is: 


.. (10) 


= ba/ fa © 


e é en/e evs/e /p I+ ps Bi + a 
DB/ Cap = @3:/€aB . CpB/ Cis = fij/ fe. —-——- * > - TF 
“fain 1+. 1+ (a/B) 
so: 
Gain for V: Grid 
Gain for V: Grid 

This equation does not assume any degree of similarity 
between the valves and the fact that it is independent of 
a, Shows that near equality of gains to one anode from 
either grid can be achieved with dissimilar valves, provided 
only that 4: and py. are large and Rx is sufficient to make 
8, approach unity. In practical cases the error can be cal- 
culated from equation (11). 

Referring back to equation (7), it will be seen that the 
gain can be raised by reducing 2:. Equation (11) shows that 
when only one anode is used, such a change does not 
prejudice balance. D.C. operating conditions often make 


P 1 + 
= Bi (yr/ pa) - 
1+ mw 
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the removal of Ra impossible but the anode can be de- 
coupled in a.c. amplifiers, or supplied from a potential 
divider in d.c. amplifiers, to reduce a. 

The d.c. amplifier input stage in Fig. 3 has a gain 3dB 
higher than a stage with identical anode loads and the 
difference in gains from the two grids is 1 per cent, The 
calculated difference is 1-2 per cent and the gain increase 
3dB (2: = 1-012 and a = 0-415). 

In a.c. amplifiers, it is possible to use a high slope triode 
for V2 and a high impedance pentode for V;. The screen 
grid of such a pentode must be decoupled to cathode. If 
the triode anode is decoupled, the Miller capacitance on 
both control grids has been eliminated. 
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Fig. 3. A d.c. amplifier input stage 
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Fig. 4. Ao a.c. amplifier input stage 


Such a stage is shown in Fig. 4, which is again the input 
stage of a feedback amplifier. The pentode circuit design is 
conventional and the current through the triode is adjusted 
so that, with a mean grid-cathode voltage equal to that 
required by the pentode, the required voltage swing is 
obtained. R, and Ry can then be calculated and the values 
of 2; and a checked, If the triode current selected is too 
high, Ry will be low and f; large giving poor balance. If 
it is too low, £2 will be too low with the same effect. The 
stage in Fig. 4 gives a gain of 50 for the pentode grid and 
5 per cent less than this from the triode grid. The calcu- 
lated values are 55 and 4-1 per cent (f; = 1:04 and a = 
0-82). 

In various cases, the unsymmetrical stage shows increased 
gain, reduced input capacitance, or reduced complexity 
compared with the symmetrical counterpart. These features 
make it very suitable for amplifier input stages where the 
second input is needed either as an input or for negative 
feedback. 
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BOOK REVIEWS 


Boolean Algebra and its Appli- 
cations 
By J. Eldon Whitesitt. 182 pp. 100 figs. Med. 
Svo. Addison-Wesley Inc. 1961. Price Sis. 
| PERATURE on Boolean algebra 
tends to lie in one of two groups: 
one group consists of formal mathe- 
matical texts and the other group con- 
sists of less formal publications dealing 
with the application of Boolean algebra 
to switching circuit design. This book, 
based on a one semester course for 
mathematicians and engineers, is a com- 
promise between these two groups. 

The reader is initially introduced to 
Boolean algebra ‘ intuitively ’, needing no 
formal mathematical training. Having 
established the basic laws and properties 
of Boolean algebra in this manner, Dr. 
Whitesitt establishes Boolean algebra 
using the more formal postulational ap- 
proach in chapter two. 

The following chapter introduces sym- 
bolic logic, which is a major application 
of Boolean algebra giving a compre- 
hensive, though elementary, survey of 
the subject. 

Chapter four is concerned with switch- 
ing algebra, which is shown to be a 
Boolean algebra and the reader is 
introduced to some aspects of the design 
and simplification of switching circuits. 
None of the more recently developed 


systematic techniques for the simplifica- 
tion of Boolean functions are, however, 


described in this section, and it is felt 
that an inclusion of at least one tech- 
nique would have been advantageous. 
The reader is, nevertheless, given suitable 
references. 

Chapter five discusses the design of 
relay switching circuits, some practical 
difficulties being considered. Both com- 
binatorial and sequential circuits are dis- 
cussed yielding a comprehensive survey. 
The book continues with a short chapter 
on the most basic arithmetic operations 
used in automatic digital computers. 

The final chapter gives an elementary 
survey of the application of Boolean 
algebra to probability in finite sample 
spaces. 

Throughout: the 
numerous worked 
should help to clarify any difficulties 
encountered by the reader. There are 
many exercises for the conscientious 
student, and it is pleasing to see that 
answers have been provided for about 
half of these questions. 

This book is written in a pleasing 
style and gives a balanced survey of 
Boolean algebra and some of its appli- 
cations. It should prove to be a useful 
text to students of both mathematics and 
engineering who require a basic under- 
standing of Boolean algebra and an 
introduction to a variety of its applica- 
tions. This book presupposes no formal 
mathematical training and so should be 
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of value as an introduction to the postu- 
lational approach used in modern 
algebra. While the text has no content 
of a practical nature which cannot be 
found elsewhere, it may prove useful to 
the engineer as an introduction to the 
symbols and terminology to be found in 
many recent papers on the simplification 
of Boolean functions. 

Since this book gives an elementary 
introduction to many of the applications 
of Boolean algebra, it is felt that it 
would te a useful source of reference 
suitable for both mathematicians and 
engineers. 

S. A. GOoLD 


Progress in Dielectrics, Volume 3 


Edited by J. B. Birks and J. Hart. 292 pp. 86 
figs. Royal 8vo. Heywood and Co. Ltd. 1961. 
Price 63s. 


HIS volume continues the policy of 

the series in catering for all those 
interested in dielectrics and accordingly 
covers a very wide range of topics. Of 
the six articles two are concerned with 
engineering applications of dielectrics 
and deal with the extremes of the fre- 
quency range covered by electrical engin- 
eers. The first by D. G. Kiely covers 
dielectric waveguides and aerials for use 
at microwave frequencies and the bulk 
of the material is devoted to a compari- 
son of the various theories of radiation 
from dielectric aerials. Although it is 
twenty years since this type of aerial was 
first used, there has been no widespread 
use in practice. This is surprising in 
view of the simplicity of the aerial and 
it is to be hoped that Kiely’s review may 
lead to a renewed interest. 

The second engineering article, by 
C. W. Hamilton, is entitled “Recent 
Developments in Cable Insulation in the 
United States” and illustrates the remark- 
able progress which has teen made in 
developing insulators suitable for use in 
high voltage power cables. The properties 
of the established polymers, such as 
polythene, and the more recent ones 
such as propylene are discussed in rela- 
tion to the requirements of the power 
engineer. Particular attention is given to 
radiation, both as a method of improv- 
ing the properties of the material, and 
additional problem to te con- 
sidered when cables for nuclear instal- 
lations are being designed. Hamilton 
reiterates von Hippel’s contention that a 
new breed of scientist, familiar with 
physics and chemistry, is required to 
further the progress already made in the 
materials field. 

The other four articles are biased 
towards the physics and chemistry of 
dielectrics, but rf von Hippel’s argument 
is accepted then they should certainly 
be studied by the insulation engineer 
R. H. Cole gives an excellent review of 
the present state of theories of dielectric 
polarization and relaxation, which not 
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only serves as an admirable guide to 
the extensive literature but also pin- 
points a number of unsolved problems, 
Cole’s article is complemented by a 
similar treatment by R. Stratton of di- 
electric breakdown. The two remaining 
contributions, one by J. B. Hasted on 
the dielectric properties of water and by 
R. J. Meakins on mechanisms of di- 
electric absortion in solids are more 
specialized. Hasted does however include 
a useful summary of the methods which 
can te used for dielectric measurements 
in the microwave range of frequencies 
and this deserves wide study. 

It is doubtful whether any one reader 
would wish to study all the material in 
detail but there can be no doubt that it 
is always useful to know what the man 
round the corner is doing and this series 
of volumes serves a useful purpose in 
making it much easier to obtain this 
knowledge. 

J. BROWN 


Linear Circuits, Vols. 1 and 2 


By R. E. Scott. 928 pp. 981 figs. Med. 8vo. 
Addison-Wesley Publishing Co. Inc., New York 
and London. 1960. Price 76s. 


HE linear network analysis band- 

wagon is beginning to creak. This 
new book from the United States comes 
in two’ volumes and expends nearly a 
thousand pages on another introduction 
to the analysis of linear, passive, 
bilateral, electric networks. 

The first volume deals with analysis 
in the time-domain and begins with a 
discussion of network elements, Kirch- 
hoff’s laws, and network equations. The 
first half of the volume is restricted to 
purely resistive networks and it is in 
terms of such networks that the circuit 
and node methods of analysis are intro- 
duced and the fundamentals of network 
theory developed. One terminal- and two 
terminal-pair networks are considered 
and the usual network theorems are 
proved. Energy storage elements are 
introduced in the seventh chapter and 
the volume continues with a study of the 
time-response of networks containing 
resistance, capacitance, and inductance. 
The treatment includes lucid accounts of 
the use of singularity functions and the 
convolution integral. 

The second volume is concerned with 
analysis in the frequency-domain, Sinu- 
soids and their phasor representation are 
discussed and the use of phasor algebra 
to determine the sinusoidal steady-state 
response of networks is explained. This 
is followed by an introduction to the 
concept of complex frequency. After a 
chapter on the power and energy in 
alternating current networks there 
follows a treatment of the Fourier and 
Laplace integrals and their application 
to network analysis. The volume con- 
cludes with a chapter on the power and 
energy relationship in networks excited 
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by arbitrary functions. Both volumes 
contain many exercises for the benefit of 
the reader and answers are given at the 
end of each volume. 

A few years ago it was difficult to find 
a book which dealt with the analysis of 
electric networks from the modern point 
of view. The difficulty no longer exists. 

S. R. Dearps 


Hi-Fi Sound Engineering 
By Norman H. Crowhurst. 328 pp. 262 figs. 
Med. 8vo. George Newnes Ltd, 1961. Price 50s. 

HE supply of titles for hi-fi books 

must be near to exhaustion; in this 
case, it all depends on what you call 
engineering, for the emphasis is much 
more on circuit parameters. 

It is stated on the jacket that “the 
material comes from a hitherto un- 
published library of design data and in- 
formation built up for the author’s day 
to day work”. This is true to the extent 
that a very useful series of charts or 
abacs covers the design of simple pas- 
sive networks, transformers and LC fil- 
ters. Readers who have examined Mr. 
Crowhurst’s Basic Audio, parts 1, 2 and 
3, will recognize some of the informa- 
tion, and parts of it have been published 
elsewhere; nevertheless, the specialist can 
still contribute to his own particular 
sphere, and in chapters 2-6 inclusive we 
find the author’s reputation as an expert 
reflected in the thorough treatment of 
his subject matter. In these chapters lie 
the real value of the book. 

Of course, to provide the necessary 
context, much must te included which is 
more or less well done in.every other 
took on hi-fi; it is felt that, since some 
of this information will already be in the 
reader’s possession, the price of SOs. is 
on the high side. However, it is a con- 
venience to have it all to hand in one 
volume 

Mr. Crowhurst has a good deal of 
teaching experience, influencing his style 
of writing to a certain extent. Some of 
the book is tiring to read, no fewer than 
191 sentences beginning with “but”; 
when on his own special subjects he 
writes fluently, enjoyably and in detail. 

Chapters 2-6 are supplemented by 
mathematical appendices at the end of 
the took, and there are 19 references (all 
American) in the bibliography. It is a 
pity that such classic works as E. G. 
Richardson’s “Technical Aspects of 
Sound”, J. Moir’s “High Quality Sound 
Reproduction” or Prof. J. A. Fischer’s 
“Fundamentals of Electroacoustics’’, to 
mention only a few, are not included. 

The material to be found in chapters 1 
and 7-12 is certainly useful, but also 
forms part. of the subject matter of other 
books; it may depend on the reader’s 
library whether he considers Mr. Crow- 
hurst’s treatment adequate or not, for 
clearly all ancillary matters such as trans- 
ducers, loudspeakers, turntables or tape 
players cannot te so fully treated as in 
specialized texts. 

On the whole, the book ranks among 
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the better ones on this subject, and can 
certainly be recommended. Mr. Crow- 
hurst has ably presented much informa- 
tion on less well-known aspects of design. 


ALAN DOUGLAS 


Initiation a lElectronique 
(Introduction to Electronics) 


By R. Faure. 356 pp. 160 figs. Pott 4to. Dunod, 
Paris. 1961. Price 29 NF. 


HIS is an introductory work which 

will enable the more enquiring reader 
to go on to deepen his knowledge of any 
particular branch of electronics which 
may be of special interest to him. 

A noteworthy feature of the book is 
its alphabetical index, which contains the 
names of all the scientists and engineers 
who helped to create and develop elec- 
tronic science, and is an essential source 
of information for any reader who 
wishes to refer to the original texts. 

This book will te of interest to either 
the industrialist or the engineer, who, 
from day to day, is called on to deal with 
more and more electronic equipment, as 
well as to the student who, in choosing 
a career, realizes that France needs every 
year as many electronic engineers as 
engineers in all the other branches of 
science put together. 


Advances in Electronics and Elec- 
tron Physics—Volume XIII 


By L. Marton. 454 pp. 169 figs. Med. &8vo. 
Academic Press Inc. 1960. Price $13.50. 


HE 13th volume of this series main- 

tains the high standard set by its 
predecessors, and contains five authori- 
tative articles. The opening contribution 
by J. B. Hasted on ‘Inelastic collisions 
between atomic systems’ is a well-written 
review of a highly topical subject. After 
outlining current experimental techniques 
and their limitations, the author dis- 
cusses recent experimental results in rela- 
tion to the various theoretical approxi- 
mations. 

The highlight of this 
teautiful account by E. W. Miiller of 
the newly developed field ion micro- 
scope. The importance of a device which 
allows individual atoms in a surface net 
to be observed can hardly be exaggerated 
and Miiller does justice to his subject. 

The longest article by P. A. Lindsay 
on ‘Velocity distribution in Electron 
Beams’ is of its nature less readable, but 
nevertheless provides a very comprehen- 
sive discussion of electron velocity distri- 
butions in thermionic emission in systems 
with planar and cylindrical geometry. Of 
particular interest is the elucidation of 
the confusion surrounding the question 
of whether the mean energy of emitted 
electrons is $kT or 2kT. 

R. Castaing deals with the spot ana- 
lysis technique of electron probe micro- 
analysis in which a fine electron beam, 
less than 1g in diameter, is focused on 
the sample and the emitted X-rays are 
analysed with a suitable spectrometer. 
The author discusses in detail the re- 
quirements of the important components 
of a microanalysing equipment, and goes 
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on to descrite the principles underlying 
quantitative analysis. 

The last, and shortest, article is by 
P. K. Weimer on * Television Camera 
Tubes’. He describes all the well-known 
pick-up tubes based on photoemission, 
photoconductivity and secondary emis- 
sion. The present state of development of 
various devices for purposes other than 
television broadcasting is also discussed. 
The author concludes by describing the 
theoretical limit of sensitivity obtainable 
and comparing the performances of the 
various tubes with this criterion. 

There should be no need to add that 
volumes of this nature provide a very 
useful service in making first-class review 
articles available to the expert and non- 
expert alike. 

J. Woops 


Wires and R.F. Cables 


By G. W. A. Dommer and W. T. Bilackland. 
240 pp. 68 figs. Demy Svo. Pitman and Sons 
Ltd. Price 47s. 64. 


HIS book adds one more by the 

authors to the list of now 
available on electronic components and 
so long awaited by the industry. Com- 
prising 240-pages and divided into 14 
chapters including a bibliography and 
appendix it will fill an undoubted gap on 
design engineers bookshelves. 

The chapters are methodically laid out 
in a logical sequence commencing with 
general matters and specifications (with 
a strong bias towards ministry specifica- 
tion technique) covered by two chap- 
ters; the remainder of the book being 
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divided into two parts, the first part 
taking care of wires and sleeving while 
the second part deals with radio- 
frequency cables. 

In part 1, the chapters are devoted to 
choice of wire and sleeving for a parti- 
cular job followed by descriptions of 
manufacture. Then a _ section covers 
measurements and tests on wires and 
covered wires followed by discussions on 
faults which may occur and future 
developments. 

Part 2 on r.f. cables commences with 
choice of cable and_ standardization 
methods together with world cable lists. 
The chapters following deal with r.f. 
cables from first principles by the trans- 
mission of energy along a cable then 
progressing to design and methods of 
testing. 

Part 2 concludes with faults which 
may occur and future developments in 
r.f. cables. 

The facilities provided in this volume 
are too numerous to detail but the book 
is essentially of a practical nature and a 
*must’ for the technical library. There 
is scarcely a page without a diagram, 
chart or table of some kind to illustrate 
the text which ‘itself conforms to the 
high standard expected of works spon- 
sored by this publisher. 

The usefulness of this book is en- 
hanced by the fact that the authors have 
virtually gathered together under. one 
cover for the first time much of the data 
that until now has formed the subject 
matter for papers and magazine articles. 
Those aspects of a particular enquiry 
not so considered together with allied 
side effects are taken care of in the con- 
siderable bibliography. 

One may think that conventional wir- 
ing is being replaced more and more by 
printed wiring, but even so, there will 
always be many applications for the 
principles discussed in this book. For 
example, point to point wiring in some 
form or other will still continue to be 
used to some extent if only for the inter- 
connexion of units at radio-frequencies. 

This is a work that is well worth the 
price asked. 

R. H. MAPPLEBECK 


British Miniature Electronic Com- 
ponents and Assemblies 
Data Annual 1961-62 


Edited by G. W. A. Dummer and J. Mackenzie 
Robertson. 479 pp. Demy 4to. Pergamon Press. 
1961. Price 80s. 


HIS is the first volume in a new 
annual series and contains essential 
data in concise form on a wide range 
of miniature components, and informa- 
tion on the effect of potting resins, shock 
and vitration, and temperature overload. 
Miniature components have been 
chosen up to approximately lin cube. 
Items over the lin cube are, however, 
included where they are the smallest of 
their particular type. Also included are 
resistors up to and including the 4in watt 
rating and capacitors up to approxi- 
mately lin maximum body length. Only 
British components manufactured or 
assembled in the U.K., are covered, as 
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separate editions will cover American 
and European miniature components. 
Transistors are not included and data on 
miniature batteries is being considered 
for the 1962-63 and subsequent editions. 


Design Fundamentals of Analog 
Computing Elements 
By R. M. Howe. 268 pp. 166 figs. Med &8vo. 
D. Van Nostrand Co. Ltd. 1961. Price 56s. 6d. 
CCORDING to the flap notes those 
design considerations, of analogue 
computer components, are explored which 
deal particularly with the influence of 
dynamic and static errors on problem 
solution. 

The author does this precisely but only 
after he has devoted the first chapter to 
a detailed discussion of patchboards, set- 
up and control systems and check circuits 
thereby establishing firmly in the reader's 
mind the importance of a computer’s 
functional aspect. Only then does he pro- 
ceed to deal with error analysis, d.c. 
amplifiers, multipliers, function genera- 
tors and recorders. 

The detail on these subjects ranges 
from the theoretical design to the practi- 
cal aspect of each. Chapters include a 
review of American commercial equip- 
ment with comparative performance 
figures. 

The book concludes with a chapter on 
the mechanical form of analogue com- 
puter elements and consists entirely of 
annotated photographs. As such it is the 
least useful. Some of the photographs 
could have been used in other chapters, 
the rest omitted and the concluding chap- 
ter written on programming techniques 
demanding a use of the components 
covered in the earlier chapters. This sub- 
ject is dealt with indirectly where the 
author provides a programme schematic 
only for use as a basis in, say, error 
calculation. 

The criticism is miner and does not 
detract from the book’s value to people 
who use differential analysers in the 
course of their work. 

T. R. H. Sizer 


Theory and Application of Ferrites 
B. R. F. Seohoo. 280 pp. 147 figs. Med. 8vo. 
Prentice Hall International Inc. 1961. Price 63s. 


HE material contained in Dr. 

Soohoo’s book provides an excellent 
introduction to the subject of ferrites 
especially to those concerned with the 
microwave aspects. The content and 
structure of the text is such that the 
book could well be used as the basis of 
a course of lectures on ferrites and the 
presentation is sufficiently clear that it 
could equally be used for self study. 

The chapters of part one give to those 
primarily concerned with the applica- 
tions of ferrites a fully adequate account 
of the fundamental principles involved 
in the study of ferrites and to the solid 
state physicist a concise but sound theory 
on which to build a more complete 
understanding. The scope of this part 
of the book is demonstrated by the con- 
tents page which includes such headings 
as “Dielectric properties of Ferrites”, 
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“Magnetic properties, of Ferrites”, both 
essential chapters for all readers, and 
“The Permeability Tensor” of first im- 
portance to the microwave physicist. 

Part two deals with the application of 
ferrites, containing a brief but compre- 
hensive coverage of work below micro- 
wave frequencies and a very complete 
survey of the theory and performance 
of microwave devices investigated up to 
the date of publication (1960). This 
emphasis results in a book which is 
easily read by the newcomer to the sub- 
ject but which also contains a great deal 
of value to the experienced microwave 
physicist, bringing together in one 
volume information available only from 
a multitude of other sources. This part 
of the book not only considers the now 
conventional devices but also such topics 
as “Cut off Phenomena in Magnetised 
Ferrites” and “Non Linear Ferrite 
Devices”. 

Only the chapter on “Systems Appli- 
cation” and the Appendix “Some Design 
Problems” fall short of the high stan- 
dard set by the rest of the book, the sub- 
ject matter being treated too briefly. 
Nevertheless, the ideas discussed are a 
sufficient indication of possible applica- 
tions and pitfalls. 

The value of the book to the serious 
student is greatly enhanced by the many 
references to published papers and other 
books, and by the addition of problems 
concluding each chapter. However, the 
casual reader will also find the book a 
great source of information as each 
chapter is sufficiently self-contained to 
be read in isolation. 

B. L. HUMPHREYS 


International Dictionary of Physics 
and Electronics 


1355 pp. Crown 4to. 2nd Edition. 
Nostrand Co. Ltd. 1961. Price £10 


HIS up-to-date edition has been en- 

larged and revised and now includes 
recent developments in such areas as 
thermonuclear research and magneto- 
hydrodynamics. It has new LR.E. de- 
finitions on networks, computers and 
other fields and a clear review of the 
developments in physics from Newton 
to such recent discoveries as the non- 
conservation of parity and work on 
strange particles. For the first time, a 
multilingual index in French, German, 
Russian and Spanish is provided. 


D. Van 
5s. 


A Modern Russian Reader for 
Technical College Students 


Edited by N. S. Fadel. 134 pp. Demy &vo. 
Pergamon Press. 1961. Price 35s. 


HIS book is a condensed version of 

a similar book used in Soviet uni- 
versities and technical colleges for the 
instruction of foreign students in the first 
year of full-time courses. 

The material presented in this book 
should be suitable for the second and 
third years of Russian language courses. 

Part 2 consists of vocabulary notes 
and exercises. Words are listed only if 
they are technical terms unlikely to be 
found in the student’s dictionary, or if 
the usage is specific to the given context. 
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LETTERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


A Quick Method for Calculating 
Transistor Amplifier Circuits 

Dear Sir,—I was interested in the 
article on ‘A Quick Method for Calcu- 
lating Transistor Amplifier Circuits’ 
(June issue) and while it is agreed that 
the authors comment on p. 377, that 
‘all feedback connexions can be reduced 
to one of four types’ is correct, the next 
sentence apparently tries to reduce the 
number to two instead. This is a little 
puzzling and it is felt that the following 
analysis may be of interest. 

Feedback on an amplifier is a con- 
cept that is used every day in discus- 


current generator in parallel with it. 
These choices are quite separate and so 
we can obtain any of the four cases 
shown in the diagram. Notice that only 
the first and third can be described in 
terms of a * feedback constant’, 8, which 
is a pure number. The other two require 
describing by a feedback constant with 
the dimensions of a resistance and a 
conductance respectively. In practice the 
number £ is often complex and fre- 
quency dependent, so it will be no 
surprise if R often turns out to have a 
reactive component and vary with fre- 
quency as well. 





EQUIVALENT 
CIRCUIT 


EFFECT OF NEGATIVE 
FEEDBACK ON: 


COMMON EXAMPLES 





Input 
impedance 


Output 
impedance 





oe, 





VOLTAGE- 
VOLTAGE 





increase 


Decrease 
Emitter 
follower (6=!) 





VOLTAGE- 
CURRENT 








Decrease 


Collector- 
base resi 
ance 

(R = A) 


Decrease 








CURRENT- 
CURRENT 











Decrease 


Grounded 


increase 
base (6=/) 








CURRENT- 
VOLTAGE 




















increace 


increase 

Emitter lead 

resistance 
(R=R) 














Fig. 1. Feedback applied 


sions about circuits, but it is often very 
inadequately dealt with in the text books 
and hence badly understood by the 
readers. Basically it consists of a modi- 
fication to the input of an amplifier in 
proportion to the output and we will 
confine ourselves here to the case where 
signals are of a single frequency and 
small so that all the effects are strictly 
linear. We will also consider feedback 
to be normally of the ‘ negative’ type; 
that is so phased that the overall power 
gain of the amplifier is reduced, since 
‘positive’ feedback can always be ob- 
tained by a mere reversal of the phasing. 

But we must now consider what con- 
stitutes a modification of the input and 
how the output is to be measured. It 
turns out that there are four quite 
distinct kinds of feedback, see Fig. 1, 
since one may measure the output in 
terms either of its voltage or current 
and one may use this to modify the 
input either by including a _ voltage 
generator in series or by connecting a 
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The distinct nature of these four kinds 
of feedback is easily demonstrated in 
terms of the changes of input and out- 
put impedance that they give and these 
are listed in the next two columns of 
the diagram. It will be seen that when- 
ever negative feedback is taken propor- 
tionally to the voltage at the output 
the impedance there falls, while if the 
current there is measured it rises. If this 
feedback is then applied to a voltage 
generator in series with the input it 
causes the input impedance to rise and 
again the effect is reversed if a current 
generator in parallel with the input is 
used. These effects are independent and 
the reader may find it easier to believe 
this if the four ‘Common Examples’ 
given in the last column are considered. 

These show how the basic amplifying 
characteristics of a transistor may be 
modified by the application of each type 
of feedback, and are simple in that in 
each case the feedback is of a single 
well defined type while only unity feed- 
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back is considered in the two cases where 
the feedback factor is a pure number. 

In practice it is not unusual to find 
more than one type of feedback present 
on the same amplifier and there is no 
reason in principle why all four should 
not be applied simultaneously. This 
would allow the linearity of an ampli- 
fier to be improved at the expense of 
gain without any alteration of either in- 
put or output resistance. 

It is of interest to note that where 
the bandwidth of an amplifier is limited 
primarily by a  capacitance-mutual- 
conductance time constant, as is normal 
with thermionic valves and is rapidly 
becoming so with transistors, then the 
second type of negative feedback can 
give an improvement in gain-bandwidth 
product and this fact has been used in 
the design of amplifiers with both valves 
and transistors. It is, of course, fairly 
obvious that the fourth type of feedback 
gives a loss of gain-bandwidth when it 
is negative and in the other two cases 
the product is not directly altered by the 
application of feedback 

Yours faithfully, 
K. C. JoHNSON, 
Computer Labs., 
Ferranti Ltd., 
Manchester, 12 


PUBLICATIONS 
RECEIVED 


MODULATOR TRANSISTORIZED HIGH 
VOLTAGE POWER SUPPLY UNIT is a leaflet 
containing data on the new range of units by 
International Electronics Ltd. Further informa 
tion on these units can be obtained from the 
Technical Director of the Company at 132-135 
Sloane Street, London, S.W 


SCANNING COMPONENTS is a brochure giving 
details of scanning comnonents in current pro 
duction by the Plessey Company for use in con- 
junction with 110° and 114° long and short neck 
television tubes. The brochure illustrates and 
describes deflexion coil units, line and frame out- 
put transformers and line and frame blocking 
oscillator transformers, giving full details of the 
components’ electrical characteristics and physical 
dimensions. Manufacturers and design establish- 
ments may obtain conies from the Tuners and 
Wound Components Division, The Plessey Com- 
pany Limited, Ilford, Essex 


BRITISH STANDARD Reference Tables for 
Thermocouples (copper/constantan) B.S. 1828 
1961. The British Standards Institution has pub- 
lished another set of reference tables for the 
purpose of converting thermocouple voltages into 
equivalent temperatures. Like the other refer- 
ence tables in this series (B.S. 1826 and 1827), 
they are based on the International Temperature 
Scale 1948 and on the Absolute Volt which. in 
1948, was adopted as the standard unit in place 
of the International Volt. Copies of this Stan- 
dard may be obtained from the British Standards 
Institution, Sales Branch, 2 Park Street, London, 
W.1. Price 6s 
PRECISION FLUSH BONDED SWITCH 
PLATES is a technical bulletin published by 
S. Davall & Sons Ltd. Davalls have made quite 
a basic study into the manufacture and applica- 
tion of switch plates, as a result of which these 
are made from raw materials right throughout to 
the final machined-component stage. Copies of 
this bulletin are available from the Company at 
8-12 Wadsworth Road, Greenford, Middlesex 

L. LIGHT & CO. LTD have recently produced 
a catalogue which lists materials of interest to 
research workers in the nuclear and electronics 
industries. Further information can be obtained 
from the Company at Poyle Estate, Colnbrook, 
Bucks 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


(Voir page 615 pour la traduction en frangais ; 


MICROWAVE CONNECTORS 


Marconi’s Wireless Telegraph Co. Ltd, 
Chelmsford, Essex 


(Illustrated below) 

The type F1200 connector has teen 
designed to provide a rigid and reliable 
interconnexion of 4000Mc/s microwave 
equipment. Particular attention has been 
paid to providing a good match. Alterna- 
tive connectors for flexible cable or 
panel-mounting requirements are avail- 
able. The connectors are normally female 
but can be converted to male by the 
simple addition of a locating ring and 
connecting pin. The design incorporates 
a sealing ring for waterproofing the con- 
necting joint and a specially designed 
tool is available for assembling the 
connector. 

The impedance is 502 and the voltage 
standing wave ratio is less than 0-2dB 
between 3-6Ge/s and 5Gc/s per pair of 
connectors. Editions of the connector are 
available for cables UR67, UR43, 
RG9A/U and RGS5/U. 


Various applications of the connector 
are shown in the accompanying photo- 
graph. 

EE 37 751 for further details 


CERAMIC ENVELOPE RECTIFIERS 
Ferranti Ltd, Hollinwood, Lancashire 
(llustrated above right) 

The latest developments in high vol- 
tage vacuum ceramic envelope rectifiers 
from the Dundee factory of Ferranti 
Limited include the UR41 high voltage 
rectifier and the DXV18432 experimental 
high voltage rectifier. Both these valves 
have indirectly heated cathodes, which 
are substantially metallic in nature, and 
combine the features of conventional 
oxide coated cathodes, which are econo- 
mical in heating power, with that of 
thoriated tungsten cathodes, which have 
the ability to withstand high voltages. 
The UR41I (illustrated) was developed 
primarily for use as an inverse diode in 
radar modulators, whenever conditions 
of extreme environments or high peak 
inverse voltages prevent the use of con- 
ventional glass valves. Rated at 16kV 
p.i.v., the UR41 can withstand a surge 
voltage of up to 20kV. It will operate 
successfully at high ambient tempera- 
tures, with a limiting anode temperature 


ELECTRONIC ENGINEERING 


accessories and test instruments. 


of 225°C, and has a life of 1000 hours 
at this temperature. Maximum peak pulse 
anode current rating is 14A, and maxi- 
mum anode dissipation is 40W. The 
UR4I has an overall length of 105mm 
and a diameter over the cooler of 40mm. 

The DXV18432 is designed for use as 
an inverse diode in high power radar 
modulators, and is rated at 28kV p.i.v., 
and 30A peak pulse anode current. Air 
cooled and liquid cooled versions, with 
either a Goliath Edison screw base or 
with flying leads, have been designed. 
The overall length is 74in, and without 
a cooler its maximum diameter is 1{in. 
The maximum diameter when fitted with 
air cooling is 24in. 


EE 37 752 for further details 


A.C. CONVERTOR-VOLTMETER 


Solartron Laboratory Instruments Lid, Cox Lane, 
Chessington, Surrey 


(Illustrated below) 

The new Solartron a.c. convertor volt- 
meter type LM 903 measures a.c. voltages 
(0 to S500V) over the frequency range 
20c/s to SMc/s. It was primarily designed 
to operate in conjunction with the 
Solartron digital voltmeter LM 902:2 to 
give four-figure digital display of a.c. 
voltages from 1002V to S00V (in 5 
ranges). The measuring accuracy, when 
used with the LM 902:2 is +026 per 
cent (50c/s to 100kc/s) and +2 per cent 
(20c/s to 750kc/s) of full scale on each 
range, with useful indications up to 
5Mc/s. 


Deutsche Ubersetzung Seite 622) 


Operating alone the a.c. convertor 
voltmeter covers 0 to 15mV to 0 to 500V 
in 10 ranges, with +2 per cent measuring 
accuracy on the built-in meter. The input 
impedance is 1M shunted by approxi- 
mately 40pF. 

Fine pre-set controls and an internal 
calibration voltage permit accurate 
initial setting of the instrument prior to 
being used either on its own or with 
the digital voltmeter. A coaxial socket 
permits monitoring of the amplified a.c. 
signal on an oscilloscope. 

Although supplied as tench units, the 
a.c. convertors LM 903 (and digital volt- 
meter LM 902-2) are easily adapted for 
standard rack mounting. 

EE 37 753 for further details 


WIRE STRIPPERS 

Hellermann Lid, Crawley, 

(Illustrated below) 

Hellermann Ltd have recently intro- 
duced two new series of wire strippers. 


Sussex 


The standard model is suitable for 
normal commercial use and will strip wire 
clean up to jin long. An automatic de- 
vice holds the jaws open without crush- 
ing. Practically all nicking, cutting or 
fraying is eliminated. This new tool is 
especially suitable for production strip- 
ping of lighter gauge wires, radio and 
instrument wires and cables and tele- 
phone wiring. The blades of the new 
wire stripper are easily changed and the 
complete tool weighs only 14oz. 

The De-luxe model has been designed 
for use on aircraft and guided weapon 
cables and similar high quality precision 
work. The unique blade construction and 
extreme holding power of the broad jaws 
permit fast, accurate stripping. 

This new de-luxe tool has been de- 
signed to strip without nicking or scrap- 
ing wire and without marking insulation. 
Like the standard model, the de-luxe 
version weighs only 140z. 

EE 37 754 for further details 


DOUBLE BEAM OSCILLOSCOPE 


Solartron Laboratory Instruments Ltd, Cox Lane, 
Chessington, Surrey 


(illustrated on page 607) 
The CT 436 is a portable double-beam 
oscilloscope, designed to meet the 
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EE 37 126 for further details 


NEW TELEVISION VIDEO OUTPUT BEAM TETRODE 


MAZDA 6F28 


The 6F28 is a screened high slope frame grid beam tetrode for 
use in television video output stages. High peak current is available, 
enabling adequate video drive to be provided for the cathode ray 
tube with anode loads down to 4700 ohms; this low value of load 
eases the problem of HF video compensation. 

This type has identical characteristics to the tetrode in the 
30FL12 triode-tetrode combination. 

6.3 

0.3 


Heater Voltage (volts Vn 
Heater Current (amps) .. - I, 


TENTATIVE RATINGS AND DATA 


Maximum Design Centre Ratings 
Anode Dissipation (watts). . x 
Screen Grid Dissipation (watts Po a(max 3 
Anode Voltage (volts , Vacmax 250 
Screen Grid Voltage (volts aie Veetmax 250 
Heater to Cathode Voltage 
volts rms) es + es Vn -kimsax) rms 

*Measured with respect to the higher potential heater pin. 


Pa (max 


150* 


Inter-Electrode Capacitances*(pF 
Input Cin 
Output 


a Cout 
Control Grid to Anode 


Cgi-a 


+Measured in fully shielded socket without can. 


CHARACTERISTICS 


Anode Voltage (volts) 180 
Screen Grid Voltage (volts) 180 
Anode Current (mA) i on ‘ 10 
Mutual Conductance (mA/V) Zm 12.5 


TYPICAL OPERATION AS VIDEO AMPLIFIER 


Allowance must be made in circuit design, not only for com- 
ponent variation, but also for valve spread and deterioration 
during life. Values of peak anode current, for an average valve 
when new and at the assumed end of life point for any valve, are 
as follows:— 

Va Ves 
(V) (V) 
70 = =180 
60 180 


Vea Is 

(V) (mA) 
—1 40 
— J 25 


Average New Valve pi 
Assumed End of Life Condition .. 


Mounting Position: Unrestricted 
Base: B9A (Noval) 


Connections 


MAXIMUM DIMENSIONS (mm) 
Overall Length 56 
Seated Height 

Diameter 


Thorn-AEl Radio Vaives & Tubes Ltd. 
155 Charing Cross Road, London W.C.2 


Telephone: GERrard 9797 Telegrams: S eswan Westcent London 
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Tentative Characteristic Curves of Mazda Valve 
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Whichever way you look at it.. 


(With apologies to Picasso) 


a SUFLEX plastic film capacitor has advantages, for 


example extra reliability, small size, low price. 
Consider the following:— 


POLYSTYRENE 
>—______— 





POLYESTER 


has found its place in IF transformers, etc. 
where high performance and small size are 
the main requirements. 


is remeee, | its place in what has been 
traditionally the field of paper capacitors 
because of the added advantage of high 
insulation resistance and reliability. 


POLYCARBONATE to be found in hot spots where it’s 125°C 


rating meets many requirements. 


SUFLEX LIMITED: 54 UXBRIDGE ROAD: EALING: LONDON -W5. Tel: EALing 7733 
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rigorous KII14E test specification. It 
operates either from 45 to 400c/s a.c. 
mains or 24 to 30V d.c. and weighs 28Ib. 
The CT 436 has two separate Y channels 
(d.c. to 6Mc/s); each channel having its 
own set of controls for independent set- 
ting of the traces on the double-gun c.r.t. 
Y, and Y, amplifier sensitivities of 
100mV/cm to 100V/cm are covered in 
10 ranges (switched in 1-2-5 sequence) 
with +5 per cent accuracy. An addi- 
tional times 10 gain gives a maximum 
sensitivity of 10mV/cm (3c/s to 500kc/s). 
Continuous coverage is provided by a 
fine gain control. O-4usec signal delay 
(on both channels) permits leading edges 
of fast pulses to be examined. Two 
diameters of Y shift are provided and the 
Y plates are accessible. 

The icm/ssec to 2cm/sec time-base, 
covered in 18 calibrated ranges (switched 
in 1-2-5 sequence), may be used in the 
repetitive, triggered, or auto-triggered 
modes. A fine control, with a calibration 
position, provides continuous coverage. 
The measuring accuracy is +5 per cent. 
‘Level’ and ‘stability’ controls enable 
the sweep to be triggered from any 
selected point on the triggering wave- 
form. The time-base waveform is avail- 
able at output sockets (15V peak-to-peak 
via cathode-follower, 150V at high 
impedance for driving sweep generators). 
X-shift enables either end of the trace 
to be centred at all settings of X gain 
control. External signals may be applied 
to the X-amplifier (d.c. to 500kc/s), input 
impedance 1M and 30pF. Sensitivity is 
continuously variable from approximately 
0-2V/cm to 2V/cm. 

A Ike/s square wave of 0°5V peak-to- 
peak +1 per cent is available for calibra- 
tion. This waveform is available at 7-5V 
for setting probes. Brilliant displays of 
excellent definition are provided by a 
double-gun c.r.t. 3AZP31. The stabilized 
e.h.t (1-75kV) ensures that calibration is 
independent of brightness levels. External 
brightness modulation facilities are pro- 
vided: 5V peak-to-peak applied to the 
grid of the .c.r.t. fully modulates the 
traces. The édge illuminated graticule is 
calibrated in centimetres with 2mm sub- 
divisions. 

EE 37 755 for further details 


CRYSTAL COATING PLANT 


N.G.N. Electrical Ltd, Avenue Parade, 
Accrington, Lancashire 


(Illustrated above right) 

Ease of operation and control com- 
bined with mobility are the main features 
of this new plant designed by N.G.N. 
Electrical Ltd for the rapid coating of 
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quartz crystals during the final fre- 
quency fixing operation. 

The crystals are mounted in twin 
chambers closed by stainless steel covers, 
each being pumped alternately to an 
indicated vacuum of less than 05s of 
mercury. This operation is completed in 
less than 15sec by a combination of 
rotary and diffusion vacuum pumps 
operated by a  four-position control 
switch. A detachable ring for mounting 
the crystal holders and filaments is pro- 
vided in each chamber. 

A further four-position rotary switch 
controls the pumping, air admittance and 
evaporating filament supply to the cham- 
bers. The controls are arranged so that 
each chamber can be operated alter- 
nately by simply turning the switch 
through ninety degrees. The remaining 
two positions on the switch enable both 
chambers to be pumped together or iso- 
lated under vacuum during shut-down 
or rest periods. 


Low capacitance lead-through elec- 
trodes are provided in each chamber to 
connect the crystal and the frequency 
checking apparatus. Heavy duty elec- 
trodes carry the evaporating filament 
supply into the vacuum chambers. The 
four-position switch is fitted with spare 
contacts to enable the user to install the 
desired method of evaporation control. 

EE 37 756 for further details 


V.H.F. RECEIVERS 


R.E.E. Telecommunications Ltd, 
Works, Market ware, Crewkerne, 


(Illustrated above right) 

The ‘Telecomm’ TR series of v.h.f./ 
a.m. communications receivers are com- 
pletely transistorized instruments of the 
double conversion type. Being powered 
by small internal batteries, they are suit- 
able for portable, mobile or fixed opera- 
tion. 

Four models are at present available 
covering the following services: 

Model TR5—140 to 150Mc/s Amateur 
radio 2-metre band. 

Model TR7—120 to 140Mc/s Aero- 
nautical services. 


Telecomm 
Somerset 


Ne ene. | 


Model TR9—72 to Motile 
radio services, 

Model TR11—56 to 70Mc/s Amateur 
radio 4 and 6 metre bands. 

Crystal controlled instruments can also 
be supplied for single channel operation 
between 40 and 180Mc/s. A crystal cali- 
brator, beat frequency oscillator, or 
moving-coil loudspeaker can be built in 
as extra units if required. 

The circuit consists of a common base 
r.f. amplifier (OC171) driven by a broadly 
tuned aerial transformer to match the in- 
put impedance of the transistor. The out- 
put is fed to a common base self oscil- 
lating mixer (OC171). The high i-f. pro- 
duced to 10°7Mc/s is fed into an XA131 
amp stage. 

The output of another XA131 oscil- 
lator is passed along with the 10-7Mc/s 
signal to an XA131 mixer stage to pro- 
duce the low i.f. of 460kc/s. 

Sensitivity is 0-24V depending on fre- 
quency for 50mW output and selectivity 
50dB down at 16kc/s off tune. 

Spurious responses are at least 40dB 
down at frequencies removed from the 
tune frequency by more than 1Mc/s. 

EE 37 757 for further details 


37Mc/s 


TOROIDAL PRIMARY 
TRANSFORMER 


Farnell Instruments Ltd, Light Industrial Estate, 
York Road, Wetherby, Yorkshire 


The ‘ Primatran’ consists of a primary 
toroidal winding in a plastic moulding. 
The desired secondary winding is wound 
over this by the user. 

A 3-pole input socket on one side of 
the moulding connects the mains to the 
primary, and in the case of current opera- 
tion, enables an output to be obtained 
from the same socket. 

When used as a current transformer 
the primary winding becomes the 
secondary, since the primary will be the 
cable passing through the centre hole. 

The Primatran can work from an input 
voltage of 220/250V 50 to 60c/s single 
phase, and has an output rating of 250VA 
(continuous). For intermittent operation 
it has an output rating of 350VA. 
Depending on the number of secondary 
turns wound on the Primatran, the out- 
put voltage can be stepped up or stepped 
down as required. Since one secondary 
turn produces an output of 0-33V (assum- 
ing no losses) it is easy to obtain a rough 
calculation on what voltage will be ob- 
tained with any particular number of 
turns. Obviously the wire size must be 
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considered since the resistance of the 
wire will produce. a voltage drop, and a 
further point to be considered is the 
regulation of the transformer. 

More than one secondary can be used 
at the same time, e.g. 6V 2A and 10V 
4A supplies could te obtained simultane- 
ously. 

In addition to general purpose use in 
a laboratory the Primatran is useful for 
demonstrations of transformer principles 
to students. It can be used to demonstrate 
the basic principle of voltage and current 
ratio, the calculation of windings in trans- 
former design, to establish the efficiency 
between the primary and secondary of a 
transformer and the losses incurred in 
the secondary winding. 

EE 37 758 for further details 


MINIATURE D.C. RELAY 
8B. & R. Relays ae, Temple Fields, Harlow, 
ssex 


(illustrated below) 
B. & R. Relays Ltd are now producing 
a new relay which is the smallest in 
their range. 
Styled the B.14, this inexpensive relay 
measures lin by 15/16in by 1-3/32in and 
weighs only loz. 


The B.14 has a maximum of one 
changeover silver or silver cadmium 
oxide contact, and the common contact 
is connected to the relay frame. The 
contact gap is 0-O1S5in and the contact 
pressure is 8g minimum. Nominal operat- 
ing power is 100mW although the relay 
will operate at 80 per cent of this figure. 

The operating time at maximum power 
is 3msec 


EE 37 759 for further details 


DECADE RESISTANCE BOX 
& Co. Ltd, 4 Hatton Garden, 
London, E.C.1 


Lionmount 


(Illustrated above right) 

The decade resistor box type RD2 is a 
switched unit covering the range 122 to 
102 with four dials. 

It has been designed for dse primarily 
in development laboratories and techni 
cal colleges where medium accuracy is re- 
quired, and where low price, robustness 
and convenience are important considera- 
tions. 

The resistors are non-inductively wire 
wound with a copper-nickel alloy, and 
have been temperature stabilized. The 
maximum current marking on each 
decade, 600, 200, 60 and 20mA, indicates 
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the maximum continuous current per- 
mitted, but this value may be exceeded 
by 50 per cent for short periods. 

The accuracy of adjustment is better 
than 0-2 per cent at 20°C, except for the 
lowest decade for which it is 1 per cent. 

Well tried conventional switches having 
a maximum contact resistance of less 
than 6m are used, and these will give a 
long life providing that the decade box 
is used with non-reactive circuits. 

The instrument is of rigid construction, 
having a solid mahogany case with a 
3/16in thick front panel. The control 
knots have teen chosen for ease of 
manipulation and they traverse markings 
of clear large white figures. An internal 
aluminium liner is fitted which makes 
contact with the front panel, and this 
provides totally enclosed screenings for 
the switches. 

EE 37 760 for further details 


ON-OFF CONTROLLER 


Measuring Instruments (Puilim) Ltd, Electric 
orks, Winchester Street, Acton, London, W.3 


(Illustrated below) 

The controller is based on the inter- 
ruption of a light beam which is focused 
on to a photo-transistor by a small flag 
attached to a normal moving-coil o1 
moving-iron calibrated instrument. 

A very high full scale sensitivity is 
possible on the moving-coil instrument 
as there is no additional load on the 
movement. The normal maximum sensi- 
tivity is 20#A with a 4°52 coil; an even 
higher sensitivity is available with a 
special magnet system. 

The controller is completely 
operated at 200 to 250V 50c/s. 

An isolated output circuit giving single- 
pole double-throw switching is provided 
and in addition a circuit giving mains 
voltage signals for warning or mains 
solenoid operation. This is derived from 
a single-pole double-throw switch and 
also provides for the signal lamp opera- 
tion within the controller. The isolated 
output will switch 3A a.c. at 200 to 250V 


mains 


and the second circuit will supply 3A at 
200 to 250V a.c. The instrument accuracy 
is to BS.89.1954. The control sensitivity 
is approximately 1 per cent. 

The controller includes transformer, 
rectifiers and relays etc. in one box or 
alternatively the instrument can be re- 
mote from the control box with a 6ft 
length of multi-conductor cable. 

It is available as an up-sensing, down- 
sensing or combined up and down sens- 
ing controller. 

If only one set point is required then 
this may be adjusted by external shunts 
or multipliers to any convenient sensi- 
tivity. 

The circuit is arranged so that failure 
of power supplies, light sources or re- 
lay windings result in the associated relay 
returning to the de-energized position 

EE 37 761 for further details 


D.C. POWER SUPPLY 
Distributed by: Aveley Electric Ltd, Ayron Road, 
Aveley Industrial Estate, South Ockendon, Essex 

(Illustrated below) 
A recent addition to the Gossen range 
of Konstanter power supplies has now 


been introduced into the U.K. by Aveley 
Electric Limited. 

The unit is a heavy-duty, fully tran- 
sistorized high stability d.c. voltage source 
for operation from a 40 to 
input supply. It has a voltage range from 
SV d.c. (12A) up to 66V d.c. (5-4A) con 
tinuously variable. Warm up time from 
no-load to full-load is 0-2msec and ripple 
voltage is ImV. 

The instrument has first-class 
zation characteristics and incorporates 
an electronically controlled automatic 
circuit-breaker and thermal overload pro- 
tection. Maximum ambient temperature 
at full load is +30°C. 

The Konstanter is available as a 
mounted or bench-type instrument 


EE 37 762 for further detail, 


60c/s a.c 


stabili- 


rack- 


FRAME GRID TRIODE 


Mullard Lid, Mallard Howse, Torrington Place, 
Leadon, CA 


A new frame-grid triode introduced 
by Mullard enables the design of sim- 
pler less expensive r.f. amplifier circuits 
in television tuners. 

The new valve, type 
used instead of the double-triode 
commonly employed in television rf. 
amplifiers. This is made possible by its 


PC97, can be 
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A tape... 


There are many different tapes in the 
scoTcH Brand range of tapes for computers 
and instrumentation. Each one has its 
own characteristics, its own particular 
applications. Some pack the maximum 
information into the minimum space: in 
others, resistance to wear is the dominant 
characteristic. Others, again, will com- 
mend themselves to the designer for quite 
different reasons. 


S TRADE MARK 


.1S a tape... 


(or is it?) 


But, in any evert, if you specify scoTcH 
Brand Tape you can be sure of getting both 
the characteristics you require, and con- 
sistent performance from each individual 
tape. scotcH Brand specifications are 
rigid, tolerances minute, and each tape 
undergoes over 100 quality control tests 
during manufacture to make sure stan- 
dards are maintained. 

If you are designing or operating data or 


EE 37 128 for further details 


1S atape! 


instrument recording systems, scoTCcH 
Brand Magnetic Tape offers the widest 
choice and the highest quality. 


SCOTCH Brand Tape Advisory Service 

We welcome enquiries, and the resources of 
our organisation, the largest manufacturers 
of magnetic tape in the world, are un- 
reservedly at your disposal. But to make the 
best use of our unrivalled tape ‘know-how’, 
do, please, approach us as early as possible. 


MAGNETIC 


OTCH TAPE 


FOR COMPUTERS AND INSTRUMENTATION 


MINNESOTA MINING & MANUFACTURING CO. LTD. 
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3M HOUSE, WIGMORE STREET, LONDON, W.1 
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transm itt 
V V PROBLEM 
3 Last year our 300 engineers 


solved many thousands of valve problems from all sides of 
industry. If you have a valve problem, why not take 
advantage of their expert advice ? Simply telephone 

RIV 3431 and ask for our Technical Information Centre 


or write to the address below. 


Pas Pout Pout 
a}. - Cassc 
J att 
195W @ 165 Mc/s 
140W @ 500 Mc/s 
W 400W @ 175 Mc/s 
225W @ 500 Mc/s 


a Stee ioe 





THE M-O VALVE CO LTD 


BROOK GREEN HAMMERSMITH LONDON W6 
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exceptionally low anode-to-grid capaci- 
tance of 0:SpF—achieved by the intro- 
duction of earthed shielding plates 
tetween the grid backbones and the 
anode. 

The noise factor of an r.f. stage using 
the PC97 is of the same order as that of 
a double-triode cascode stage. The gain 
will be somewhat lower but in television 
tuners high gain is not always an advan- 
tage, and it is often more satisfactory to 
increase the i.f. sensitivity of the receiver. 

Another feature of the PC97 is the 
special arrangement of the cathode leads 
and the provision of two cathode pins, 
which reduces the cathode lead inductance 
and gives good input damping. 

The valve has a mutual conductance of 
13mA/V at an anode current of 11mA. 
Changing the bias from 1V to —5V 
reduces the mutual conductance 100: 1. 

Maximum physical dimensions of the 
valve, which has a B7G base, are 47-Smm 
seated height by 19mm diameter, and the 
heater is rated at 4-5V, 300mA. 

EE 37 763 for further details 


VACUUM METALLIZING MACHINE 


Vacuum Metallurgical Developments Lid, 
Shelford, Cambridge 


(llustrated above) 

The latest version of the V.M.D. 12in 
continuous vacuum metallizer has many 
advantages and improvements over 
earlier models. The machine is designed 
as a_ self-contained unit ready for 
operation after connecting up _ the 
mechanical vacuum pump and power, 
air and water services. 

The ability to coat base material with- 
out previously drying has been extended 
to certain grades of vegetable parchment 
and nearly all known plastic films can be 
metallized immediately as received from 
the supplier. This feature is of consider- 
able value as it reduces the cost of 
operation and there is no appreciable 
change in the quality of the material 
being handled. 

The material is mounted in the 
machine in the form of rolls 12in dia- 
meter by 12in wide. The vacuum cham- 
ber is then closed and pumped down in 
a period of about two minutes. The web 
passes over a heated continuous evapora- 
tion source and is then rewound in the 
main chamber of the machine. Air is 
admitted in less than a minute after coat- 
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ing. The finished roll is removed and the 
cycle repeated. A production of more 
than 25 000ft/h of material can be readily 
attained. This newest equipment has 
been designed specifically with the needs 
of the capacitor market in mind. In one 
single operation plastic film or capacitor 
tissue can be metallized and provided 
with a blank margin and then slit and 
rewound on to bobbins suitable for the 
direct winding of capacitors. 

Film resistances of the order of 1422/sq 
are readily achieved and rewinding and 
marginating are carried out to tolerances 
of better than +0°2mm. 

EE 37 764 for further details 


HIGH POWER MILLIMETRE 
KLYSTRON 
Elliott Litton Ltd, 34 Portland Place, London W.1 

Elliott Litton Ltd, a member of the 
Elliott Automation Group, have intro- 
duced a new high power tunable klystron 
oscillator for the 4mm waveband. 

This klystron, the 4TFK3, has a tuning 
range of approximately 2 000Mc/s. It can 
be supplied for operation within the band 
68 to 80Gc/s and is capable of an 
average power output of 500mW over the 
band. 

Constructed as an harmonic generator- 
type klystron, based on the 10-watt tun- 
able type 8TFK2 Q-band klystron, the 
4TFK3 has an average life expectancy of 
at least 500 hours. Output signals are 
exceptionally free from thermal drift and 
hysteresis, due to the water cooling of 
the resonant cavities and the use of the 


floating drift-tube principle for the Q- 
band bunching cavity. 
EE 37 765 for further details 


DATA SELECTOR 


Electronics Lid, Western Avenue, 
London, W.3 


(Illustrated below) 

Ultra Electronics Limited have intro- 
duced a data selector unit to increase 
the flexibility of their range of a.d.p. 
equipment. 

The data selector type UE875 enables 
blocks of information encoded on paper 
tape, magnetic tape or punched cards, 
to be selected and routed to any one of 
up to 10 output channels. 

Up to 64 lines are available on each 


Ultra Acton, 


sufficient to operate a 
full typewriter key-board. The output 
channel will also operate add/list 
machines, paper tape punches etc, One 
simple application of the facilities pro- 
vided by this unit is in 10-way sorting 
operations. 

Selection of data is achieved by insert- 
ing selection characters between succes- 
sive blocks of information fed into the 
unit. Up to 99 such selection characters 
are available. The information required 
for any particular output channel is 
selected by the appropriate code selec- 
tion switch on the front panel. The input 
signals are decoded by a matrix mounted 
on slide-in printed circuit boards which 
can be in combinations to accommo- 
date any 5, 6, 7, or 8-hole code. Most 
types of paper tape, punched card and 
magnetic tape readers are suitable as 
input sources, 


output channel 


EE 37 766 for further details 


MOVING-COIL MEASURING RELAY 
Leland Instruments Lid, 145 Grosvenor Road, 
London, S.W.1 
(Illustrated above) 

The new Microtact relay comprises a 
screened moving-coil galvanometer of 
very small size, of which the moving- 
coil, mounted on shock absorbing sup- 
ports, is fitted with a moving contact 
which engages with fixed contacts at 
either end of the arc of travel. The whole 
assembly is enclosed in a_ cylindrical 
metal container which is mounted on a 
standard seven pin miniature valve type 
base and hermetically sealed. The com- 
plete relay is 40mm long, 20mm dia- 
meter and weighs approximately 1-12o0z. 

The new relay is available with three 
alternative windings—2°5k2, 1252 and 
2:52, giving full scale deflexion sensitivi- 
ties of SO“A, 2504A and 2°5mA, and in 
each case the relays are offered either 
with centre zero or in the conventional 
minimum /maximum arrangement. In the 
case of the minimum/maximum types, 
when no current is flowing through the 
moving-coil, the moving contact remains 
at rest against the fixed ‘minimum’ con- 
tact. In the case of the centre zero types, 
when no current is flowing the moving 
contact remains in the centre zero posi- 
tion, both minimum and maximum fixed 
contacts remaining open. 
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In view of the hermetical sealing the 
adjustable ‘fixed’ contacts have to be 
preset at the time of manufacture and 
in the case of the most sensitive model 
—type 19i1—the minimum contact is 
normally advanced to a point equiva- 
lent to a current of S#A. At this and 
higher currents the moving contact moves 
away, opening the minimum contact. 
Both the minimum and maximum con- 
tacts then remain open until a full scale 
deflexion current of S0#A is reached 
when the moving contact closes to the 
maximum fixed contact. In the case of 
the centre zero edition of this model the 
currents at which the moving contact 
closes to the minimum and maximum 
contacts are *25¢A 

Corresponding currents for 
two standard models are— type 
and 2500A and for the type 
and 2 SmA 
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selector, allow six supply points to be 
monitored. The standard arrangement is 
resonator (beam) supply voltage, 
resonator current, and reflector voltage 
normally displayed, and on operation of 
the press button any combination with 
the following additional points: heater 
voltage, heater current and grid voltage. 

To prevent accidental damage to the 
valve, and at the same time enable the 
correct cperating potential range to be 
selected, double limit stops are provided 
for setting up the controls for the heater, 
resonator, reflector and grid voltages 

A built-in generator provides square 
wave and sawtooth modulation with 
automatic d.c. restoration. Modulation is 
applied to the reflector which 
may re ited external 
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The RA.137 is assembled on a stan- 
dard 19in panel, is 34in high and can be 
housed in a cabinet with the RA.17. A 
special version is also available which 
meets North American conventions. 

EE 37 769 for further details 
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HOURS COUNTER 


Meserine leetremeres «Peles Let. Piece 
Werks, Winchester Street. Actee. Leades, 4! 


industry. If you have a valve problem, why not take 


advantage of their expert advice ? Simply telephone 


RIV 3431 and ask for our Technical Information Centre 


or write to the address below. 
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THE M-O VALVE CO LTD 


BROOK GREEN HAMMERSMITH LONDON W6 
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A BRILLIANT NEW 


TAWA VOLTAGE STABILISER 


VACUUM METALLIZING MACHINE 


Veacoom Devetopmean Lid. 
“octterd. Combrutee 
(Mlustrated above) 


The latest version of the V.M.D. 1lin 
cortinuous vacuum metallizer has many 
advantages and improvements over 
earher models. The machine is designed 
as a self-contained unit ready for 
operation after connecting up the 
mechanical vacuum pump and power, 
air and water services 

The ability to coat base material with- 
out previously drying has been extended 
to certain grades of vegetable parchment 
and nearly all known plastic films can be 
metallized immediately as received from 
the supplier. This feature is of consider- 
able value as it reduces the cost of 
operation and there is no appreciable 
change in the quality of the material 
being handled. 

The material is mounted in the 
machine in the form of rolls 12in dia- 
meter by 12in wide. The vacuum cham- 
ber is then closed and pumped down in 
a period of about two minutes. The web 
passes Over a heated continuous evapora- 
tion source and is then rewound in the 
main chamber of the machine. Air is 
admitted in less than a minute after coat- 
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EE 37 130 for further details 





Constructed as an harmonic generator- 
type klystron, based on the 10-watt tun- 
able type 8TFK2 Q-band klystron, the 
4TFK3 has an average life expectancy of 
at least 500 hours. Output signals are 
exceptionally free from thermal drift and 
hysteresis, due to the water cooling of 
the resonant cavities and the use of the 
floating drift-tube principle for the Q 
hand bunching cavity 

EE 37 765 for further details 


DATA SELECTOR 
Ulere Electronics Lad. Wester Avenee, Acton, 
Leads, WW.) 


(Mustrated be! w) 

Ultra Electronics Limited have intro 
duced a data selector unt to imerease 
the flexibility of their range of ad.p 
equipment 

The data selector type UES7S enables 
blocks of information encoded on paper 
tape, magnetic tape or punched cards, 
to be selected and routed to any one of 
up to 10 output channels 

Up to 64 lines are available on cach 


TYPE 


S-1 


MOVING-COIL MEASURING RELAY 
Letend lestrement: Led, 145 Grosvenor Read, 
Leadon, 5.W.1 
(llustrated above) 

The new Microtact relay comprises a 
screened moving-coil galvanometer of 
very small size, of which the moving- 
coil, mounted on shock absorbing sup- 
ports, is fitted with a moving contact 
which engages with fixed contacts at 
either end of the arc of travel. The whole 
assembly is enclosed in a cylindrical 
metal container which is mounted on a 
standard seven pin miniature valve type 
base and hermetically sealed. The com- 
plete relay is 40mm long, 20mm dia- 
meter and weighs approximately 1-12oz. 

The new relay is available with three 
alternative windings—2°Sk2, 1252 and 
2:52, giving full scale deflexion sensitivi- 
ties of SO#A, 2502A and 2°SmA, and in 
each case the relays are offered cither 
with centre zero or in the conventional 
minimum /maximum arrangement. In the 
case of the minimum/maximum types, 
when no current is flowing through the 
moving-coil, the moving contact remains 
at rest against the fixed ‘ minimum’ con- 
tact. In the case of the centre zero types, 
when no current is flowing the moving 
contact remains in the centre zero posi- 
tion, both minimum and maximum fixed 
contacts remaining open. 
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In view of the hermetical sealing the 
adjustable ‘fixed’ contacts have to be 
preset at the time of manufacture and 
in the case of the most sensitive model 
—type 191—the minimum contact is 
normally advanced to a point equiva- 
lent to a current of 5#A. At this and 
higher currents the moving contact moves 
away, opening the minimum contact. 
Both the minimum and maximum con- 
tacts then remain open until a full scale 
deflexion current of SO#A is reached 
when the moving contact closes to the 
maximum fixed contact. In the case of 
the centre zero edition of this model the 
currents at which the moving contact 
closes to the minimum and maximum 
contacts are +25#A. 

Corresponding currents for the other 
two standard models are—type 196: 25 
and 250#A and for the type 164: 0-25 
and 2-5mA. 

The above quoted figures give the 
standard current reading at which con- 
tacts are set for stock relays, but within 
the full scale deflexion currents men- 
tioned for each model the contacts can 
be set at any values to meet customer’s 
requirements to special order. However, 
in spite of the impracticability of moving 
the adjustable contacts once the relays 
have been hermetically sealed, the pre- 
cise opening and closing currents can be 
adjusted electrically over a wide range 
by the addition of a suitable external 
potentiometer, which is available as an 
optional extra with each relay. 

Being in effect miniature moving-coil 
meters, the precision with which these 
open and close at the required currents 
is of a high order; + 1-5 per cent of full- 
scale deflexion current. 

Response time for the Microtact relay 
is O-1 to O-Ssec, depending on the parti- 
cular model and the positions at which 
the contacts are set. 

The power handling capacity of the 
contacts is 30mW at a maximum voltage 
of 20V d.c. or a.c. 

EE 37 767 for further details 


KLYSTRON POWER SUPPLY 


Decea Radar Ltd, Decca House, Albert 
Embankment, London, §.E.11 


(lilustrated below) 

This is a versatile instrument designed 
to provide stabilized power supplies for 
the majority of low power klystrons. It 
features separately monitored indepen- 
dent supplies, each of which is continu- 
ously variable over its operating range. 
Three large meters with clear dual cali- 
brations, each with a press button range 
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selector, allow six supply points to be 
monitored. The standard arrangement is 
resonator (beam) supply voltage, 
resonator current, and reflector voltage 
normally displayed, and on operation of 
the press button any combination with 
the following additional poinis: heater 
voltage, heater current and grid voltage. 

To prevent accidental damage to the 
valve, and at the same time enable the 
correct operating potential range to be 
selected, double limit stops are provided 
for setting up the controls for the heater, 
resonator, reflector and grid voltages. 

A built-in generator provides square 
wave and sawtooth modulation with 
automatic d.c. restoration. Modulation is 
applied to the reflector electrode, which 
may also be operated from an external 
source of modulation through a socket 
on the front panel. An additional socket 
is provided to allow the internal modula- 
tion to be monitored or provide a trig- 
ger pulse for synchronizing other equip- 
ment. 

Conservatively rated components are 
used to ensure long life and reliability 
under all conditions of operation. A pro- 
tection circuit incorporating a thermal 
delay switch prevents the application of 
reflector voltage until the heater has had 
sufficient time to warm up. 

As certain klystrons require air cool- 
ing, a power supply socket is provided 
which is wired in parallel with the input 
supply. 

EE 37 768 for further details 


L.F. CONVERTOR 
Racal Engineering Ltd, Bracknell, Berkshire 
(Illustrated above) 

To give greater frequency coverage to 
their RA.17 h.f. communications receiver, 
Racal now produce a L.f. convertor unit, 
the type RA.137 which when added to 
the RA.17 gives continuous tuning over 
the frequency range 10kc/s to 30Mc/s. 

With this added facility the RA.17 is 
suitable for use as a ship-borne com- 
munications receiver, for d.f. work and 
as a long-range radio facsimile receiver. 

The RA.137 is designed to combat 
cross-modulation, blocking, and _inter- 
modulation effects, particularly those due 
to high power medium-wave transmissions 
which constitute a major problem for 
reception in the Lf. band. 

A full-vision drum-type scale with 
slow-motion drive facilitates accurate 
tuning, while a double-tuned aerial 
circuit with a low-pass filter of special 
design eliminates interference from broad- 
cast transmissions. 

The convertor can be left permanently 
connected to the main receiver during 
h.f. use, without degradation of perform- 
ance, and a switch and indicator on the 
convertor panel provide necessary change- 
over facilities. 


The RA.137 is assembled on a stan- 
dard 19in panel, is 34in high and can be 
housed in a cabinet with the RA.17. A 
special version is also available which 
meets North American conventions. 


EE 37 769 for further details 
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HOURS COUNTER 
Measuring Instruments (Pullin) Ltd, Electrin 
Works, Winchester Street, Acton, London, W.3 
(illustrated above) 

This synchronous hours counter may 
be used effectively for measuring the 
life of electrical equipment, checking the 
replacement period of electronic valves, 
planning overhaul programmes for work- 
ing machinery, also for life testing proto- 
types in laboratory duration testing etc. 

The synchronous hours counter is 
fitted with a self starting synchronous 
motor, so that the indication is correct 
even though the on periods are of very 
short duration. The counter is fitted with 
two 12in connecting leads, and is de- 
signed to be connected in parallel with 
the mains connexions to the equipment 
whose operating time is being measured. 

The hours counter indicates from 
1/10th hour up to 99999-9 hours, being 
fitted with six digit drums—the sixth, 
measuring 1/10 hour intervals. They may 
be supplied for 100/125V a.c. or 200/ 
250V a.c. for either 50 or 60c/s supply. 
Current consumption on the 200/250V 
50c/s unit is approximately 10mA. 


EE 37770 for further details 


PLASTIC PUTTY 
Cable Covers Ltd, * or House, London, 


‘Talurit’ plastic putty is a new 
material that is malleable and yet when 
formed sets rock hard. It is an efficient 
electrical insulator and can be machined, 
drilled, tapped or threaded. 

This new plastic putty consists of two 
separate components—a resin and a 
hardener. When these two are completely 
integrated in equal proportions (which 
is easily effected in the hands), a readily 
workable putty is provided that will 
adhere to anything. It cures itself natur- 
ally in anything from 14 to 18 hours 
according to the room temperature and 
remains dimensionally stable while at 
the same time attaining considerable 
hardness and strength, high electrical 
insulation qualities and exceptional re- 
sistance to oil, spirits and water. 
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J A BRILLIANT NEW 


TAWA VOLTAGE STABILISER 


EE 37 130 for further details 





FAST 40 volts/see correction speed 
ACCURATE Better than +0-5% 
RELIABLE _ Transistorised control unit—no valves or relays 


The TS-1 is something entirely new in the field of 
A.C. voltage stabilisation. This light and compact 
1 kVA unit provides rapid, accurate and distortion- 
less stabilisation over an input voltage range of 
25°. Alternative connection gives 2 kVA output 
with 123°, input range. 

Output is unaffected by variations in supply 


frequency, load current (zero to full load) or load power 
factor. Indoor tropical,rating is standard. Cabinet model 
(readily adaptable for wall or chassis mounting) or rack 
model. 


PRICE—ONLY £69 :°10 net 


Rack Model £72:-S net 


Dlaude Lyons Mtd. 


VALLEY WORKS - HODDESDON - HERTS TEL: HODDESDON 4541 (6 lines) 
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EE 37 131 for further details 
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OUTSTANDING FEATURES 
OF THE CI 3 MILITARY WIRELESS SET 


* . 
ROBUST FULLY SEALED — WEATHERPROOF 
No netting Crystal calibration 


Simple controls T'wo-knob tuning 


PHASE AND AMPLITUDE MODULATION 
4201 channels at 2.5Kc/s spacing 
High-frequency band 1.5 to 12 Mc/s 


RF OUTPUT 16-25 WATTS 
Automatic control of frequency, modulation and gain 
Automatic quieting circuits 


LOW POWER CONSUMPTION 
24 volt power supply Stand-by (receiver only ) 
High power /low power switch IC amplifier 
GROUND AND SKY WAVE 
Voice and CW Local and remote aerials 
Minimum screening Vehicle and ground stations 














saliiit-ta'/ 
HF 
wireless 


set 


he Crg is the official replacement for the WS1gHP set. It 
provides the extra-long ground-wave ranges required by 
mobile armoured fighting vehicles on active service with the 
British Army. Exceptional range, performance, simplicity of controls, 
rugged climatic protection and the elimination of all netting 
combine to make the C13 a versatile and highly serviceable equip- 
ment. It conforms in all respects to the Joint Services Specification 
Category K114G. You are invited to write to us for a booklet 
giving a comprehensive description of the set and its performance. 


* 





BCC also design, engineer, instal and service complete communications 
systems. Our Advisory Service would be glad to have the opportunity 
of helping you 











* 





BRITISH COMMUNICATIONS CORPORATION LIMITED | 











HIGH WYCOMBE BUCKS TEL: HIGH WYCOMBE e501 
Grams : BeeCeeCee High Wycombe And at Wembliey 
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Independent tests from a number of 
representative samples provided the 
following results: 

Compressive strength (ult) 11 200Ib/in?; 

Tensile strength (ult) 7001b/in?; 

Dielectric strength 253V/mil; 

Resistance between electrical conductors 
and armour 37 300M2; 

Resistance between electrical conductors 
and water 27 850M2; 

Water absorption 2-7 per cent. 

Some of the electrical applications of 
*Talurit’ putty include the setting and 
affixing of shrouding, insulating or water- 
proofing terminals, conductors or cable 
ends. 

EE 37771 for further details 


SUB-MINIATURE ZENER DIODES 


International Rectifier Co. (Great Britain) Ltd, 
Hurst Green, Oxted, Surrey 


(Illustrated below) 

For printed circuit boards, miniature 
circuits and other applications where 
miniaturization is paramount,  sub- 
miniature glass Zener diodes with an 
extremely wide voltage range (3-3 to 
27V) and rated at 250mW power dissipa- 
tion are now available from International 
Rectifier Company (Great Britain) Ltd. 


t | 

: 3:3 pak aM 

Sad 

High stability and excellent voltage regu- 

lation over the temperature range from 

—55°C to +150°C is provided by this 
new series. 

Designated types QZ3.3 to Q227, units 
are available in both 5 and 10 per cent 
voltage tolerance types, tolerance being 
specified by adding T10 or TS to the type 
number, and have a maximum Zener 
impedance range from 5 to 702. The 
new devices are process-selected to pro- 
vide sharp Zener characteristics. 

All units feature glass-to-metal 
hermetic sealing for ruggedness and reli- 
ability, and measure 0°265 by 0-110in 
not counting leads. 

EE 37 772 for further details 


COAXIAL JUNCTION BOXES 


Alenco Ltd, Beacon Works, Hargrave Road, 
Maidenhead, Berkshire 


(Illustrated above right) 

Kay and Company (Engineers) Ltd, of 
Bolton, one of the Alenco Group of 
Companies, have recently brought out a 
new type of fitting which will be named 
*Konaxal’. The fittings are for the pur- 
pose of connecting coaxial cables used 
for piping television, and are as developed 
for General Piped Television Limited of 
Neath, Glamorgan. 

*Konaxal’ fittings are complete junc- 
tion toxes and connexions in themselves, 
and since they are made from gunmetal 
which contains 85 per cent of copper they 
are extremely good conductors, and are 
waterproof and suitable for outdoor use 
without risk of corrosion. 


SEPTEMBER 1961 


So far these fittings have been made in 
three main types i.e. two-way, three-way, 
and four-way. Each of these patterns is 
capable of having included upon it any 
combination of cable sizes to the custo- 
mers requirements. 

EE 37 773 for further details 


WATER-COOLED DUMMY LOAD 
Telefunken GmbH, Berlin-Chariottenburg 1 


(Illustrated below) 


This water-cooled dummy load has 
been developed to atsorb the output 
power of a 150kW transmitter for test- 
ing or tuning purposes. In addition it 
can be used for calorimetric measure- 
ments of the transmitter output power. 

The power applied to the dummy load 
is dissipated in a 602 carbon-layer resistor 
which is surrounded by water and whose 
maximum temperature does not exceed 
60°C. 

A water flowmeter and water flow con- 
trol ensure that the heat is uniformly 
extracted. 

The entire equipment, including plumt- 
ing and instruments, is housed in a narrow 
cabinet which can te installed in stations 
where space is limited. Almost 120 litres 
(25 gallons) of cooling water flows 
through in one minute, which can be 
passed on to the transmitter recooling 
system. 


EE 37 774 for further details 


611 


PROCESS TIMER 


Richard Allan Radio Lid, Taylor Street, 
Batley, Yorkshire 


(llustrated below) 

The Richard Allan process timer has 
been designed as an accurate but econo- 
mically priced method of timing indus- 
trial processes. Of printed circuit con- 
struction, it utilizes a cold-cathode trig- 
ger tube for long life and reliability. It 
is housed in a robust cast aluminium 
case measuring 7in by 44in by 34in 
sealed against ingress of dust and 
moisture by means of a rubber gasket. 
Two jin conduit holes are provided 
which, for use with flexible cables, are 
fitted with tight rubber grommets. 

As the timer is mounted on the cast 
aluminium escutcheon it can be removed 
completely from its housing and is thus 
suitable for mounting on the panel of 


oie 


customers own equipment, the case being 
fitted behind the panel to act as a dust 
cover. 

The basic model has a timing range 
of 1 to 55sec continuously variable over 
this period by means of a control cali- 
brated directly in seconds. It can also 
be supplied in other ranges from O-lsec 
to 300sec. The basic repetitive accuracy 
of the timer is +1 per cent while the 
setting accuracy does not change by more 
than 5 per cent over a range of mains 
voltages from 200 to 250V a.c 

The timed period is initiated by the 
closing of the external trigger contacts, 
a pulse of 40msec duration being 
sufficient for this purpose. During the 
timed period a pair of 250V 5A con- 
tacts are closed or opened. For use as 
a repetitive timer the trigger contacts 
are short-circuited and the timer will 
repeat the timed period with a recovery 
time of 40msec. 

The timer is built on the ‘fail safe’ 
principle, interruption of the mains 
supply or failure of any component open- 
ing the load circuit; the contacts not 
being remade until another cycle is 
initiated externally. Provisions are made 
to use two or more timers in sequence 
for complex timing operations. 

EE 37775 for further details 
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Short News Items 


The Council of the Institution of 
Electrical Engineers has approved a 
proposal that the existing four special- 
ized sections (Electronics & Communi- 
cations, Measurement & Control, Supply 
& Utilization) should be rebuilt as three 
divisions, two of which would represent 
the ‘electronics’ and ‘power’ interests, 
the third being a ‘general’ division. 
Each of the divisions will comprise a 
number of Technical Groups designed 
to cover the specializations within its 
field, and the scheme provides for speedy 
re-adjustment and creation of these 
Technical Groups which will increase 
the flexibility which is now more than 
ever necessary to reflect the rapid 
developments of electrical science and 
engineering. In setting up a divisional 
structure the Council also recognize the 
increasing importance of electronics in 
electrical engineering, and the part being 
played by electronic engineers in the 
work of the Institution. Minor changes 
in the bye-laws of the Institution will be 
required but it is hoped that the scheme 
will be put into operation for the begin- 
ning of the session 1962/63. 


The British Electrical and Allied 
Manufacturers’ Association has estab- 


lished an Electronics Board to represent 
that part of the BEAMA membership 
directly concerned with electronic engin- 
eering. This new Board will act for the 
BEAMA Council on matters of broad 
policy in this field and it will provide 
the necessary high level liaison with 


Government Departments and other 
Associations on policy matters affecting 
the electronic industry. These arrange- 
ments are designed to provide within the 
framework of the BEAMA an organiza- 
tion to safeguard the interests of British 
manufacturers concerned with electronic 
engineering, but it is not intended to 
assume on behalf of BEAMA members 
responsibility for other sectors of the 
electronic engineering industry, e.g. tele- 
communications and components which 
are already dealt with by existing Asso- 
ciations. The Board will, however, co- 
operate with the governing bodies of 
such other Associations whenever policy 
matters affecting the electronic industry 
as a whole call for representations at 
top level. 


British European Airways have placed 
an order with Marconi Wireless Tele- 
graph for the supply of the ‘Sixty 
Series’ of airborne radio equipments and 
navigation aids for use in the company’s 
fleet of 24 de Havilland Tridents. The 
equipment to be incorporated in the 
Tridents will include the following: Dual 
installations of the AD 160 v.h.f. com- 
munication equipment. Dual installations 
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of the AD 260 v.hf. navigation and 
approach guidance equipment. Dual in- 
stallations of the AD 360 automatic 
direction finder or radio compass. 
*Selcal’ type 2880 aircraft selective call- 
ing system. Special measures have been 
taken to ensure the maximum accuracy 
and stability of the AD 260 i.l.s. equip- 
ment since this will be used with the 
‘Autoland’ system for which provision 
is being made on the Trident aircraft. 
The ‘Sixty Series’ has also been speci- 
fied by BOAC for their fleet of Vickers 
VC 10's. 


The Council of the British Institute 
of Radio Engineers has announced that 
Her Majesty The Queen has been 
pleased to approve the grant of a 
Charter to the Institution. The Order 
in Council was dated 2 August. The list 
of eleven petitioners, composed of 
eminent radio and electronic engineers 
who are members of the Institution, is 
headed by Admiral of the Fleet The 
Earl Mountbatten of Burma, K.G., who 
became a member in 1935. Lord Mount- 
batten, who was President in 1947/48, 
is mamed in the Royal Charter as 
Charter President of the Institution. Also 
named, as first Secretary of the Chartered 
body, is Graham D. Clifford, who has 
been secretary of the Institution since 
1937. 


The Department of Scientific and In- 
dustrial Research has given details of 
its service for the translation into English 
of Russian technical journals covering 
a wide range of subjects. The Depart- 
ment also sponsors the translation and 
publication of Russian technical books, 
and each year places on sale translations 
of hundreds of technical articles. These 
translations are obtainable from the new 
National Lending Library for Science 
and Technology, which also has avail- 
able on loan a further 20000 individual 
translations. Enquiries should be 
addressed to The Director, National 
Lending Library for Science and Tech- 
nology, Boston Spa, Yorkshire. (Tele- 
phone Boston Spa 2031.) 


An electronically controlled contour 
grinding machine, which works to an 
extremely high degree of accuracy, has 
been installed at the Royal Aircraft 
Establishment, Farnborough, for produc- 
ing templates used in the manufacture 
of aerofoil sections for aircraft models 
These models, which are employed in 
high-speed flight simulation tests in wind 
tunnels, are scaled-down copies of pro- 
posed aircraft which are still on the 
drawing board, so the models must be 
made very accurately in order to retain 
the same proportional accuracy as the 
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aircraft. The grinding machine is tape- 
controlled by the EMICON system and 
the complete equipment is supplied by 
EMI Electronics Ltd. The grinder is made 
by High Precision Equipment Ltd, and 
the system is designed for an accuracy 
of +0-0005in on a template which may 
be up to 30in long. 


A European Computer Manufacturers’ 
Association (ECMA) has now been 
established with headquarters and 
secretariat in Geneva. Members of the 
Association are companies in Europe 
which develop, manufacture and market 
data processing machines designed to 
process digital data for business, engin- 
eering, scientific and other similar pur- 
poses. The object of the Association is 
to further the adoption of data process- 
ing standards for the benefit of users, 
the public and the industry itself. Its 
primary purpose, in co-operation with 
national and _ international standards 
organizations, is to secure inter-company 
co-operation throughout the industry 
which will enable European manufac- 
turers to offer better products and 
services at lower costs. Three technical 
working committees are now in being. 
These are concerned with (a) Codes 
representing characters for use in com- 
puter ‘input’ and * output’. (b) Common 
programming languages. (c) Diagram- 
matic and symbolic representation of 
processes. A fourth committee, now in 
formation, will deal with character 
recognition. The first President of 
ECMA is Mr. C. G. Holland-Martin, 
Research Director of International Com- 
puters and Tabulators Limited, 149 Park 
Lane, London, W.1. 


The General Electric Co. Ltd of 
England is to supply through the 
Canadian General Electric Co. the radio 
and multiplexing equipments for a 
broadband radio link between Moncton 
in New Brunswick and Core in Nova 
Scotia, Canada. The link will consist of 
two terminal and two repeater stations 
and will carry two two-way s.h.f. radio 
channels operating in the 6 000Mc/s fre- 
quency band. It will form part of the 
Canadian East Coast microwave net- 
work being developed by The New 
Brunswick Telephone Co. and the Mari- 
time Telegraph and Telephone Co. The 
equipment will convey either a television 
circuit or 960 speech circuits on each 
radio channel and will link up with 
other G.E.C. equipments in the network 
operating in the 2 000Mc/s band. 


The Boards of the Plessey Company 
Limited (Plessey), Automatic Telephone 
& Electric Company Limited (A.T.E.) 
and Ericsson Telephones Limited (Erics- 
son) have been considering the benefits 
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that would accrue from pooling their 
interests in the communications field and 
have now decided that the best method 
of securing the full advantages is by 
means of a merger of the three com- 
panies. This will avoid considerable 
overlapping of effort and lead to a more 
intensive and efficient use of research 
and productive facilities. A.T.E. and 
Ericsson will continue as independent 
concerns with their own Boards of 
Directors and will be represented on the 
main Board of the new Group. An 
agreement has been reached on the 
terms now recommended and _ the 
Plessey Company Ltd will make offers 
to acquire the whole of the share 
capitals of A.T.E. and Ericsson not 
already owned by Plessey. 


The Physics of Semiconductors is the 
subject of an international conference 
to be held at the University of Exeter 
on July 16-20, 1962. It will be arranged 
by the Institute of Physics and the 
Physical Society and will be held under 
the auspices of the International Union 
of Pure and Applied Physics and the 
British National Committee for Pure 
and Applied Physics of the Royal 
Society. Offers of papers and corre- 
spondence on technical matters should 
be addressed to Dr. C. A. Hogarth, 
Brunel College of Technology, London, 
W.3. General correspondence on matters 
of administration and applications for 
attendance should be addressed to The 
Administration Assistant, The Institute 


of Physics and The Physical Society, 47 
Belgrave Square, London, S.W.1 


The General Electric Co Ltd, London, 
has been awarded the contract to supply 
a radio link for Cable & Wireless Ltd, 
between the Jamaican terminal of the 
U.S.A.-Jamaica submarine cable and the 
Central Telegraph Office in Kingston, 
the capital. The equipment selected for 
this project operates in the 2000Mc/s 
frequency band and is capable of carry- 
ing up to 240 speech circuits per radio 
channel. The system consists of a main 
and standby radio channel. In the event 
of failure or degradation of the main 
channel, changeover to standby is auto- 
matic. 


Alma Components Limited, manufac- 
turers of precision wirewound resistors 
at Diss, Norfolk, announce that they 
have purchased the whole of the issued 
share capital of Alston Capacitors 
Limited of Halesworth, Suffolk. Alston 
was the first company to offer fully 
type approved silvered mica capacitors, 
types GMMIG and GMM3Y, and full 
production will continue under the new 
ownership. Alston’s offices are being 
transferred to Diss, Norfolk, and the 
London Sales Office at 551 Holloway 
Road, London, N.19, will be shared with 
Alma. 


The BBC’s new v.h.f. sound broad- 
casting station which, with the television 
station already in operation, shares the 
site of the Air Ministry radio station on 
the cliffs some 400ft above Dover, was 
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brought into service during last month, 
transmitting the Home Service on 
94°4Mc/s, the Light Programme on 
90-0Mc/s, and the Third Programme 
with Network Three on 92°4Mc/s, each 
with a mean effective radiated power of 
3-SkW. The new station is of the trans- 
lator type and will operate unattended. 
It will receive its programmes from the 
Wrotham sound station by radio and 
make a direct frequency change on each 
without demodulation. The output of 
each translator unit is fed direct to a 
pair of 1kW radio-frequency amplifiers 
working in parallel to ensure continuity 
of the transmission should a fault 
develop in cither one of the pair. The 
outputs of the three pairs of radio- 
frequency amplifiers are combined and 
fed to the two halves of a directional 
aerial system mounted on the same 
tower as the television aerial. The start- 
ing, operation, and closing of the Dover 
station will be completely automatic but 
should any fault develop in the equip- 
ment an alarm is arranged to call the 
BBC’s resident engineer in the district 
so that the trouble can be overcome in 
the shortest possible time. 


Communication Systems Ltd, a sub- 
sidiary of Automatic Telephone & Electric 
Co Ltd have converted a narrow boat 
into a waterborne showroom containing 
working installations of their centralized 
telephone dictation recording equip- 
ment, mining telephone systems, loud- 
speakers intercommunication systems, 
and clock systems controlled by a 
crystal chronometer. The narrow boat— 
formerly a coal barge—has now set off 
for a three-year tour along the 1 400 
miles of Britain’s inland waterways 
taking the displays to the industrial 
centres of the Midlands. 


A closed-circuit television installation, 
which it is claimed is the largest of its 
kind in Europe has recently been opened 
at the Zurich Stock Exchange. A com- 
prehensive system of television cameras, 
monitor screens and special devices has 
been supplied so that all business done 
in the ‘Ring’ by members of the Stock 
Exchange can instantly be relayed to 
cubicles and offices around the Exchange 
by means of 12 cameras and 35 screens. 
In addition to the system inside the 
Stock Exchange, 17 banks in Zurich 
have been equipped with receiving sets 
which can pick up direct private v.h-f. 


» transmissions from the Stock Exchange 


and show share prices, dealings and 
other information simultaneously as they 
are relayed from the Stock Exchange 
‘Ring’. This is the first time that a 
private television system of this nature 
has been broadcast through the air with 
the permission of the authorities con- 
cerned. This installation of television 
equipment at the Zurich Stock Exchange 
was supplied by Pye Ltd, Cambridge, 
and was carried out by Autophon A.G. 
for the firm of Ticker A.G. Eleven out 
of a total of 25 Stock Exchange member- 
banks have so far participated, plus 17 
outside banks in the city. Others are 


613 


expected to be connected to the system 
soon. An almost identical installation 
using Pye television is also being in- 
augurated at the Basle Stock Exchange, 
where every member-bank is connected 
to the television system. 


Dobbie McInnes (Electronics) Ltd of 
Glasgow has received an £8500 order 
from S.A.A.B. Aircraft Company in 
Sweden for automatic graph plotting 
equipment to operate with the S.A.A.B. 
computer. This makes the eighth order 
for plotting equipment received by 
Dobbie McInnes from Sweden. 


The British Government has placed 
orders for 5 Decca windfinding radars 
and one weather radar, as a contribution 
under its programme of technical assist- 
ance to the regional countries of the 
Central Treaty Organization. These 
meteorological radars are for deploy- 
ment along the air route Ankara, Tehran, 
Karachi, where there is a requirement 
for improved aviation weather services, 
particularly for the introduction of 
modern instruments and equipment. The 
type of windfinding radar being supplied 
is capable of measuring wind speed and 
direction up to the 100000ft level and 
will meet requirements, not only now 
but five to seven years hence when 
supersonic airliners are operating 
between 50 and 80 thousand feet. 


Decca Radar Limited announced that 
during the recent opening of their new 
radar training school at Lambeth Pier 
the total orders received for commercial 
marine radar reached 11000 sets on 15 
July. This is about one-half of the world 
total of radar fitted merchant ships. 
In addition to supplying commercial 
marine radar to the merchant ficets of 
every maritime nation in the world, 
Decca Radar Limited also supply equip- 
ment to the navies of some 41 coun- 
tries and have recently received sub- 
stantial repeat orders from the Royal 
Navy and other navies in this more 
specialized field. 


Elliott-Automation Limited and C. A. 
Parsons & Company Limited have joined 
the British Space Development Com- 
pany. There are now eleven leading 
British aircraft and electronic companies 
who are members of British Space 
Development Company, and the power- 
ful technical committee are calling on 
the wide range of engineering knowledge 
possessed by the member firms. 


The first International Conference on 
Machine Translation of Languages and 
Applied Language Analysis is to be held 
at the National Physical Laboratory, 
Teddington on 5-8 September. The con- 
ference is being organized by the Auto- 
nomics Division of the National Physi- 
cal Laboratory with European and 
American area committees under the 
chairmanship of Dr. A. M. Uttley and 
Dr. L. E. Dostert. This is the first inter- 
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national meeting devoted to the study 
of the problems of Machine Translation 
of Languages and it is convened at a 
time when participants can usefully en- 
gage in a critical review of progress. 
Besides being of major interest to those 
engaged in machine translation research, 
the conference should prove of consider- 
able interest to people concerned with 
the analysis of language and the process- 
ing of words in computers. Further in- 
formation can be obtained from Mr. J. 
McDaniel at the National Physical 
Laboratory (Telephone Teddington Lock 
3222 Ext. 138). 


An order for SARAH (Search, Rescue 
and Homing) marine equipment has been 
placed with Ultra Electronics Ltd, by 
the Swedish Navy. This is the first 
marine equipment of this type to be 
ordered from Sweden. An initial order 
for SARAH aircraft equipment has also 
been received from the Swedish Army. 


The Philco Corporation of Philadel- 
phia has sold its minority interest in 
Semiconductors Ltd of Swindon, Wilts, 
to The Plessey Company Limited. By 
this transaction Semiconductors Limited 
becomes the wholly owned subsidiary 
of Plessey and continues as a non- 
exclusive licensee of Philco with respect 
to the manufacture and sale of tran- 
sistors. 


Radio Sociedade Gaucha, S.A. have 
recently concluded a contract with Pye 
T.V.T. Ltd, Cambridge, for the equip- 
ping of a complete television station 


which Radio Caucha plans to complete 
at the beginning of next year at Porto 
Alegre, Brazil. The station is to include 
the necessary equipment for a_ three- 
studio television centre, with cameras, 
mixing systems and all ancillary equip- 
ment. A Pye SkW Band III transmitter 


will also be supplied and additional 
equipment has been purchased to fit out 
an outside broadcast unit. The value of 
the contract is about £150 000. 


The Norwegian Telegraph Administra- 
tion is building a television station on 
the island of Bokn in Stavanger Fiord 
and is to operate it by remote control 
from the mainland by means of a v.h_.f. 
radio link. The transmitters selected for 
this purpose—two 4kW vision and two 
IkW sound—are being supplied by 
Marconi’s Wireless Telegraph Co. Ltd, 
and are suitable for unattended opera- 
tion. In addition to the transmitters, 
Marconi’s are to supply and install pro- 
gramme input and ancillary equipment. 
The equipment will operate in Band III 
to 625 line CCIR standards. The two 
vision transmitters are to be connected 
for parallel working, as also will the 
f.m. television sound equipments. Re- 
mote control facilities over the v.h.f. link 
will include the independent on-off 
switching of all four transmitters; the 
control of blanking level (including the 
on-off switching of blanking level feed- 
back), and the control of video and 
audio gain. An indication of power out- 
put at normal, high and low levels will 
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also be provided over the link. It is 
intended that adjustments to the con- 
trols will be made in conjunction with 
a waveform display derived from a high- 
grade receiver and oscilloscope sited at 
the remote control position on the main- 
land. 


The Air Ministry has placed a con- 
tract with Marconi’s Wireless Tele- 
graph Co. Ltd for the supply and instal- 
lation of radio communication and auto- 
matic direction finding equipment, and 
the modernization of radar for another 
of its ocean weather ships. This follows 
the supply and installation of similar 
equipment on the O.W.S. Weather Ad- 
visor and O.W.S. Weather Monitor. 


An extensive panoramic display trac- 
ing the history of sound recording from 
1888 to 1961 will be a feature of the 
Audio Avenue at the Radio Show, Earls 
Court (23 August to 2 September). Occu- 
pying some 500ft*, this feature, ‘ Mile- 
stones in Recording’, will be presented 
in conjunction with the E.M.I. group 
of companies. Among the many vintage 
instruments featured in this display will 
be one of the earliest weight-driven 
acoustic recording machines, an Edison 
phonograph, and the microphones used 
exclusively by the Royal Family from 
1924 to 1945. The modern era of record- 
ing will be represented by the latest type 
of studio tape recorders, stereo mixer 
consoles and other high-fidelity equip- 
ment. 


The Institute of Physics and The 
Physical Society and the British Radio 
Spectroscopy Group announce that they 
are jointly holding a two-day Confer- 
ence on ‘ Radiospectroscopy of Solids’, 
in the Department of Physics of the 
University College of North Wales, 
Bangor, on 21-22 September, 1961. The 
Institute and Society’s Guthrie lecture 
will be presented during the Conference 
by Dr. D. Shoenberg, F.R.S., who will 
speak on ‘The de Haas-van Alphen 
effect and the electronic structure of 
metals’. Programmes and application 
forms are available from the the Admini- 
stration Assistant, The Institute of 
Physics and The Physical Society, 47 
Belgrave Square, London, S.W.1. 


Associated Electrical Industries Ltd 
announce that the semiconductor activi- 
ties of their Radio and Electronic Com- 
ponents Division are being terminateds 
The Semiconductor Department of the 
A.E.I. Electronic Apparatus Division at 
Lincoln is unaffected by this change. 


The Solartron Electronic Group Ltd 
has received an order from Sweden for 
ten complete six target fully transistor- 
ized radar simulators. The value of the 
order is about £150000 and delivery is 
to commence in January 1962. 


Associated Electrical Industries Ltd 
has made an agreement with Facit Elec- 
tronics AB of Sweden as a result of 
which the Electronic Apparatus Division 
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of AEI has been appointed sole Agents 
in the U.K. and British Commonwealth 
(except Canada) for Facit Carousel 
memory, high speed tape punch and 
high speed reader. Facit’s Carousel is a 
completely new type of random access 
magnetic tape memory and differs radic- 
ally from all other random access ex- 
ternal memory machines previously 
introduced. When full it contains more 
than three million checked alpha numeri- 
cal characters or more than five million 
checked decimal digits. The average 
access time for a block of information 
is about two seconds. 


* Techniques of Non-Destructive Test- 
ing’ is the subject for an evening course 
of eleven lectures to be held in the 
Physics Department of Brunel College 
of Technology, Woodlands Avenue, 
Acton, London, W.3, every Wednesday 
from 7 to 8.30 p.m., commencing Wed- 
nesday, 4 October, 1961. The lectures 
will be on topics such as Radiology, 
Ultrasonics, Eddy Currents, Magnetic 
Methods, and Thermal Conductivity. 
Further details of the course, for which 
the fee will be £1 may be obtained from 
the Physics Department at the College. 


Details of the Electronic Computer 
Exhibition are contained in a booklet, 
printed in English, French, Italian and 
Spanish, which is now available from 
Mrs. S. S. Elliott, The Electronic Data 
Symposium, 64 Cannon Street, London, 
E.C.4. The Electronic Computer Exhibi- 
tion will be held at Olympia, London, 
from 3 to 12 October this year con- 
currently with an Electronic Data Pro- 
cessing Symposium on 4 to 6 October. 
Under special arrangement being made 
by a number of Exhibitors, visitors to 
the Exhibition and Symposium will be 
able to see actual computer installations 
in operation in offices and factories in 
this country. 


The British Broadcasting Corporation 
has placed contracts with EMI Elec- 
tronics Ltd, for transmitting aerials and 
feeder systems at five new stations in 
Scotland, Wales, Cornwall, Lancashire 
and Oxfordshire, which the BBC is 
building to extend its television and 
sound services and to improve reception 
in the fringe areas. At the station now 
under construction at Llandrindod Wells 
in Central Wales, super turnstile arrays 
have been installed on an 80ft section at 
the top of a 250ft mast. The stations 
under construction at Redruth, Cornwall 
and Beckley, near Oxford, will be 
equipped with television and v.h.f. sound 
arrays on 500ft masts later this year. 
Morecambe Bay station, to be built near 
Barrow, will be provided with a tele- 
vision aerial on a 250ft mast, while the 
Scottish station being built at Ashkirk, 
near Selkirk, will be equipped with tele- 
vision and v.h.f.. sound arrays on its 
700ft mast. All these EMI arrays will be 
horizontally polarized with the exception 
of the television array at Ashkirk which 
will be vertically polarized. 
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Smoke hampers operations. . . . The 
rescue team wearing breathing apparatus 
carry a radio-telephone. This is their only 
link with Control — to report progress 
and receive instructions. 


Many makers of telecommunication 
equipment depend upon BICC Bicalex 
Winding Wires. With the advantages 
of mechanical strength, flexibility, 
chemical resistance, compactness and 
excellent electrical properties, Bicalex 
Enamelled Wires are a wise choice for 
equipment of vital service. 


Publication No. 322A gives further information. 
May we send you a copy? 


There’s a BICC Winding Wire 
for every electrical purpose. 


winding wires 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
21 BLOOMSBURY STREET LONDON WCI 
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Semiconductors for Radio and TV 


Germanium PNP Alloy Type Transistor 2SA92_ ~— For Local Oscillator Service (18Mc) 

2SA49 Intermediate Frequency Amplification (455Kc) 2SA93_— For Mixer Service (12Me) ? 

2SA52 Converter Service (1.5Mc) 2SA76—s For High Frequency Amplification (VHF*FM) 
2SA77 For High Frequency Amplification (VHF*FM) 
2SA175 For High Frequency Amplification (22.5Mc) 
2SA236 For Intermediate Frequency Amplification (455Kc) 
2SA237 For Intermediate Frequency Amplification (455Kc) 


2SA53 Intermediate Frequency Amplification (455Kc) 
28826 For Audio Frequency Power Amplification 

28854 For Audio Frequency Amplification 

28856 For Audio Frequency Power Amplification 
288189 For Audio Frequency Power Amplification 
288200 For Audio Frequency Power Amplification 
258202 For Audio Frequency Power Amplification 


Germanium PNP Mesa Type Transistor 

2SA299 For Mixer & Loca! Oscillator Service (TV Tuner) 
2SA230 For High Frequency Amplification (TV Tuner) 

: 4 2SA239 For Converter Service (VHF*FM) 

Germanium PNP Drift Type, Transistor 2SA240 For High Frequency Amplification (VHF-FM) 
2SA57__—s For High Frequency Amplification (18Mc) 

2SA58 For High Frequency Amplification (12Mc) Germanium Point Contact Diode 

2SA60 Converter Service (12Mc) 1N60 For AM/FM Radio & Video Detector Service 
2SA72 High Frequency Amplification (1.5Mc) 1$50 For AM/FM Radio Detector Service (Single End) 
2SA73 Converter Service (1.5Mc) 1834 For General Service 


For complete information, write to 


TOKYO SHIBAURA ELECTRIC CO., LTD. 
Tokyo, Japan Cables: TOSHIBA TOKYO 
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Une description basée sur des renseignements fournis par les fabricants de nouveaux organes, acces- 
i Traduction des pages 606 4 611 


CONNECTEURS POUR 
MICROONDES 
Marconi’s Wireless Telegraph 
Cheimsford, Essex 
(lilustration a la page 606) 


Le connecteur type F.1200 a été 
étudié pour assurer une interconnexion 
rigide et sire au matériel pour micro- 
ondes de 4000 MHz. Un soin tout par- 
ticulier a été apporté 4 la mise au point 
d'une bonne adaptation. Il existe aussi, 
en variante, des serre-fils pour cables 
flexibles ou pour montages sur panneaux. 
Les connecteurs sont généralement 
femelles mais peuvent étre convertis en 
connecteurs males en leur ajoutant 
simplement un anneau repére et une 
broche de raccordement. Le dessin com- 
prend un anneau de scellement pour 
rendre étanche le joint de raccordement, 
et un outil de conception spéciale est 
fourni pour assembler le connecteur. 

L’impédance est de 50 ohms et le taux 
d’ondes stationnaires de la tension est 
inférieur & 0.2 dB entre 3,6 GHz et 5 
GHz par paire de connecteurs. Le con- 
necteur est fourni en différentes versions, 
propres a chacun des cAbles UR67, 
UR43, RG9A/U et RGSS/U. 

Diverses applications du connecteur 
sont montrées dans la photographie s’y 
rapportant. 


EE 37 751 pour plus amples renseignements 


Co. Ltd, 


REDRESSEURS A ENVELOPPE EN 
CERAMIQUE 
Ferranti Ltd, Hollinwood, Lancashire 
(Illustration a la page 606) 


Les derniéres créations en matiére de 
redresseurs haute tension a enveloppe 
céramique, produits par Tlusine de 
Dundee de la société Ferranti Limited, 
comprennent le redresseur haute tension 
UR4I1 et le redresseur expérimental 
haute tension DXV18432. Ces deux 
organes comportent des cathodes a 
chauffage indirect, essentiellement métal- 
liques, et allient les caractéristiques des 
cathodes a oxydes classiques, qui sont 
économiques en ce qui concerne la 
puissance de chauffage, a celles des 
cathodes en tungsténe thorié, qui ont le 
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soires et instruments d’essai 


pouvoir de résister A des tensions 
élevées. 

Le redresseur UR41 (voir notre illus- 
tration) a été principalement con¢gu pour 
étre utilisé comme diode inverse dans 
les modulateurs de radar, lorsque des 
conditions ambiantes extrémes ou des 
tensions inverses A pointe élevée 
empéchent l'utilisation de tubes de verre 
conventionnels. Sa puissance nominale 
est de 16 kV de tension inversée de 
créte et il peut résister 4 une tension de 
choc allant jusqu’é 20 kV. II fonctionne 
parfaitement a des températures 
ambiantes élevées, avec une tempéra- 
ture anodique limite de 225°C. Sa durée 
de vie 4 cette derniére température est 
de 1000 heures. Le régime nominal de 
courant anodique 4 impulsion de pointe 
maxima est de 14 A, la dissipation 
anodique maxima étant de 40 W. Le 
redresseur UR41 a une longeur totale 
de 105 mm et le diamétre au-dessus du 
refroidisseur est de 40 mm. 

Quant au redresseur DXV18432, il a 
été concgu pour servir de diode inverse 
dans les modulateurs de radar 4 puis- 
sance élevée, et sa capacité nominale est 
de 28 kV de tension inversée de créte, 
et 30 A de courant anodique de pointe. 
Des versions 4 refrodissement par air 
et par eau, soit avec base A vis Edison 
Goliath soit avec conducteurs volants, 
ont été réalisées. Sa longueur totale est 
de 18.41 cm et, sans refroidisseur, son 
diamétre maximum est de 6,35 cm. 


EE 37 752 pour plus amples renseignements 


CONVERTISSEUR-VOLTMETRE 
POUR COURANT ALTERNATIF 
Solartron Laboratory Instruments Ltd, Cox Lane, 
Chessington, Sarrey 
(Illustration a la page 606) 


Le nouveau voltmétre-convertisseur 
de courant alternatif, type LM.903, 
mesure les tensions alternatives (0 a 
500 V) dans la gamme de fréquences de 
20 Hz a 5 MHz. Il a été congu 
principalement pour fonctionner en 
liaison avec le voltmétre numérique 
Solartron LM.902.2, afin de donner un 
affichage numérique 4 quatre chiffres de 
tensions alternatives de 1004V a 
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500 V (en cing gammes). La précision 
de la mesure, lorsqu’il est utilisé avec 
le LM.902.2, est de +0,25% (SO Hz 
& 100 kHz) et de +2% (20 Hz &a 
750 kHz) de léchelle totale sur chaque 
gamme, avec indications utiles jusqu’a 
5 MHz. 

Fonctionnant seul, le  voltmétre- 
convertisseur de courant  alternatif 
couvre 0 & 15 mV a 0 & 500 V en 10 
gammes, avec +2% de précision de 
mesure dans  I'appareil  incorporé. 
L’impédance d’entrée est de 1 M2 
shuntée par environ 40 pF. 

Les commandes prérégiées de réglage 
précis et la tension d’étalonnage interne 
permettent le réglage initial précis de 
l'instrument avant de l'employer in- 
dépendamment ou avec le voltmétre 
numérique. Une douille coaxiale permet, 
en outre, de contréler le signal alternatif 
amplifié d'un oscilloscope. 
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OUTIL A DENUDER LE FIL 
Hellermanna Ltd, Crawley, Sussex 
(lustration a la page 606) 


La societe Hellermann Ltd. a récem- 
ment créé deux nouvelles séries d'outils 
a dénuder. 

Le modéle courant convient a l'usage 
commercial normal et peut dénuder le 
fil jusqu’A une longueur de 2,22 cm. 
Un dispositif automatique maintient les 
machoires ouvertes sans écrasement. 
Pratiquement toute entaille, coupure ou 
éraillure est éliminée. Ce nouvel outil 
est particulitrement indiqué pour le 
dénudage en série de fils métalliques 
légers, de fils automatiques, de cablages 
de radio, d’instruments et de téléphones. 
Les lames du nouvel outil & dénuder 
peuvent étre facilement changées et 
loutil complet pése moins de 400 
grammes. 

Le modéle de luxe a été prévu pour 
les cAbles d’avions et d’engins téléguidés, 
ainsi que pour d'autres usages analogues 
exigeant la plus haute précision. La con- 
ception originale des lames et la grande 
puissance de serrement des _ larges 
machoires permettent le dénudage 
rapide et précis. 
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Ce nouveau modele de luxe a été 
étudié pour dénuder le fil sans I'entailler 
ou lérailler, et sans marquer ['isolation. 
Comme le modéle courant, la version de 
luxe ne pése que moins de 400 grammes. 
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OSCILLOSCOPE A DOUBLE 
FAISCEAU 
Selartron Laboratory Instruments Ltd, Cox Lane, 
Chessington, Surrey 
(Illustration a la page 607) 


L’oscilloscope & double  faisceau 
CT.436 est un appareil portatif étudié 
pour répondre a la rigoureuse spécifica- 
tion d’essais K.114E. Il fonctionne soit 
sur courant alternatif secteur de 45 a 
400 Hz soit sur courant continu de 24 
a 30 V, et son poids est de 12,7 kg. Il 
a deux canaux Y séparés (courant 
continu & 6 MHz), chaque canal ayant 
sa propre série de commandes pour le 
réglage indépendant des traces sur le 
tube cathodique & double canon. Les 
sensibilités d’amplification Y1 et Y2 de 
100 mV/cm a 100 V/cm sont couvertes 
en 10 gammes (commutées en séquence 
1-2-5) avec ume précision de +5%. 
Une amplification supplémentaire de 10 
fois donne une sensibilité maxima de 
10 mV/cm (3 Hz & 500 kHz). Une zone 
d’action continue est assurée par une 
commande de gain précis. Un retard du 
signal de 0,4 msec (sur les deux canaux) 
permet I’examen des flancs avant 
d’impulsions rapides. Deux diamétres de 
glissement Y sont prévus et les plaques 
Y sont accessibles. 

La base de temps de 1 cm/usec a 2 cm/ 
sec, couverte en 18 gammes étalonnées 
(commutées en séquence 1-2-5), peut 
étre utilisée dans le mode a répétition, 
& declenchement ou a auto-déclenche- 
ment. Une commande de réglage précis, 
avec position d'étalonnage, assure une 
zone d'action continue. La précision de 
mesure est de +5%. Les commandes de 
“niveau” et de stabilité permettent de 
déclencher le balayage a partir de 
n’importe quel point voulu sur la forme 
d’onde de déclenchement. La forme 
d’onde de base de temps s’obtient aux 
douilles de sortie (15 V de créte a créte, 
au moyen d'un montage a cathode 
asservie, 150 V a une impédance élevée 
pour actionner des générateurs de 
balayage). Le glissement Y permet le 
centrage de I'une ou TI’autre des 
extrémités a tous les réglages de la com- 
mande de gain X. Des signaux extérieurs 
peuvent étre appliqués a Il’amplificateur 
X (c.c. & 500 kHz), a Tlimpédance 
d’entrée de 1 M2 et A 30 pF. La 
sensibilité est aA variation continue 
d’environ 0,2 V/cm a 2 V/cm. 

Une onde carrée 1 kHz de 0,5 V créte 
a créte +1% est disponsible pour 
Vétalonnage. Cette forme d’onde est 
également disponsible & 7,5 V pour le 
réglage des sondes. Un affichage trés clair 
est assuré par le tube cathodique 4 double 
canon 3AZP31. L’alimentation stabilisée 
T.H.T. (1,75 kV) assure l'indépendance 
de l'étalonnage des niveaux de brillance. 
Des possibilités de modulation de bril- 
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lance extérieure sont prévues: SV créte 
a créte appliqués a la grille du tube 
cathodique modulent entitrement les 
traces. Le quadrillage a écclairage 
marginal est étalonné en centimétres 
avec subdivisions de 2 mm. 
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INSTALLATION DE REVETEMENT 
DE CRISTAUX 


N.G.N. Electrical Lid, Avenue Parade. 
Accrington, Lancashire 


(Illustration a la page 607) 


Cette nouvelle installation, congue par 
N.G.N. Electrical Ltd. pour le revéte- 
ment rapide des cristaux de quartz 
durant l’opération finale de fixage de la 
fréquence, se caractérise, en particulier, 
par la facilité du fonctionnement et de 
la commande alliée A une grande 
mobilité. 

Les cristaux sont montés dans des 
chambres jumelles fermées par des 
couvercles en acier inoxydable, lair 
étant extrait tour a tour de chacune 
d’elles jusqu’A ce qu’un vide de moins 
de 0,5 » de mercure soit atteint. Cette 
opération est achevée en moins de 15 
sec par une combinaison de pompes 4 
vide, rotatives et 4 diffusion, actionnées 
par un commutateur de commande a 
quatre directions. Un anneau détachable, 
pour le montage des supports de cris- 
taux et des filaments, est fourni dans 
chaque chambre. 

Un second commutateur rotatif a 
quatre directions commande le pompage, 
Yadmission d’air et Ilalimentation de 
chauffage d’évaporation aux chambres. 
Les commandes sont disposées de 
maniére & ce que chaque chambre puisse 
étre manceuvrée tour 4 tour en faisant 
tourner simplement le commutateur sur 
un arc de 90°. Les deux directions res- 
tantes du commutateur permettent de 
pomper les deux chambres en méme 
temps ou de les isoler sous vide durant 
les périodes d’arrét ou de repos. 
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RECEPTEURS HYPERFREQUENCES 


R.E.E. Telecommunications Ltd, Telecomm 
Works, Market Square, Crewkerne, Somerset 


(Illustration a la page 607) 

La série TR de récepteurs de trafic 
hyperfréquences/modulation d’amplitude 
TELECOMM se compose d’appareils 
entitrement transistorisés du type A 
double conversion. Etant mis en oeuvre 
par des petites batteries intérieures, ils 
se prétent a l'utilisation portative, mobile 
et fixe. 

Quatre modéles sont actuellement 
livrables pour les services suivants: 

Modéle TRS : 140 & 150 MHz pour 

amateurs, sur bande de 2 métres. 

Modéle TR7 : 120 a 140 MHz pour 

services aéronautiques. 

Modéle TR9 : 72 & 37 MHz pour 

services d’émetteurs mobiles. 
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Modéle TR11: 56 & 70 MHz pour 
amateurs, sur bandes de 4 et 6 
métres. 

Des instruments pilotés par quartz 
peuvent étre fournis également pour le 
fonctionnment sur voie unique entre 40 
et 180 MHz. Un calibreur piézoelec- 
trique, un oscillateur 4 battements ou un 
haut-parleur électrodynamique peuvent 
étre incorporés, sur demande, comme 
éléments supplémentaires. 

Le circuit se compose d'un amplifi- 
cateur HF a base commne. entrainé par 
un transformateur d’antvune accordée 
approximativement pour s’adapter & 
l'impédance d’entrée du transistor. La 
puissance débitée est injectée a un 
mélangeur auto-oscillateur 4 base com- 
mune (OC171). La moyenne fréquence 
élevée de 10,7 MHz produite par ce der- 
nier est injectée a un étage ampli 
XA131. La sortie d'un autre oscillateur 
est transmise, en méme temps que le 
signal de 10,7 MHz, a un étage mélan- 
geur XA131 pour produire la moyenne 
fréquence réduite de 460 kHz. 

La sensibilité est de 0,2 “V, selon la 
fréquence pour une sortie de 50 mW, 
et la sélectivité est reduite de 50dB a 16 
kHz non accordés. 


EE 37 757 pour plus amples renseignements 


TRANSFORMATEUR PRIMAIRE 
TOROIDAL 


Farnell Instruments Ltd, Light Industrial Estate, 
York Road, Wetherby, Yorkshire 


Le “ Primatron” se compose d'un en- 
roulement toroidal primaire dans un 
moulage plastique. L’enroulement 
secondaire est enroulé autour de ce 
dernier par l'utilisateur. 

Une douille d’entrée tripolaire, sur un 
des cétés du moulage, relie le secteur au 
primaire et en cas de fonctionnement du 
courant, permet d’obtenir la puissance 
débitée de la méme douille. 

Lorsque le Primatron est utilisé comme 
transformateur de courant, l’enroulement 
primaire devient le secondaire, puisque 
le primaire est le cable passent a travers 
l’ouverture centrale. 

Le Primatron peut marcher a partir 
d'une tension d’entrée monophasée de 
200/250 V 50 a 60 Hz, et sa puissance 
de sortie nominale est de 250 VA (con 
tinus). Pour le fonctionnement inter 
mittent, il a une puissance nominale de 
350 VA. La tension de sortie peut étre 
élevée ou abaissée au choix, en fonction 
du nombre de spires secondaires en 
roulées sur le Primatron. Vu qu'une 
spire secondaire produit une sortie de 
0,33 V (en assumant qu'il n’y ait pas de 
pertes), il est donc facile d’effectuer un 
calcul approximatif de la tension qui sera 
obtenue avec n'importe quel nombre 
particulier de spires. Evidemment, il faut 
tenir compte de la grosseur du fil 
puisque la résistance de ce dernier pro- 
duira une chute de tension. I! faudra 
également tenir compte de la régulation 
du transformateur. 

On peut employer plus d’un secondaire 
a la fois, par exemple, des tensions 
d’alimentation de 6 V 2 A et de 10 V 
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4 A peuvent étre obtenues simultané- 
ment. 

En plus de 
laboratoire, le 
utilement pour les 
principes de _ transformation 
étudiants. 
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son usage général en 
Primatron peut servir 
démonstrations de 
a des 


RELAIS MINIATURE DE COURANT 
CONTINU 


B. & R. Relays Ltd, Temple Fields, Harlow, 
Essex 


(Illustration a la page 608) 


La société B. & R. Relays Ltd. produit 
maintenant un nouveau relais a bon 
marché qui est le plus petit de sa série. 

Le relais type B.14 ne mesure, en effet, 
que 2,54 cm xX 2,23 cm et son poids 
n'est que de 28,3 g. 

Le B.14 n’a qu’un seul contact a per- 
mutation en argent ou en oxyde cadmié 
d’argent, et le contact commun est relié 
au cadre du relais. L’entrefer de contact 
est de 0,38 mm et la pression de contact 
est de 8 g au minimum. La puissance 
nominale de fonctionnement est de 
100 mW, quoique le relais puisse fonc- 
tionner & 80% de ce chiffre. 

La durée de fonctionnement a la 
puissance Maximum est de 3 msec. 
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.BOITE DE RESISTANCES A 
DECADES 
Lionmouat & Co. Ltd, 40 Hatton Garden, 
London. E.C.1 


(Illustration a la page 608) 


La boite de résistances A décades, type 
RD2, est un élément de commutation 
couvrant la gamme de 1 ohm 4 10 kilo- 
ohms avec quatre cadrans. 

Elle a été congue principalement a 
lintention des laboratoires et colléges 
techniques qui ne nécessitent qu'une pré- 
cision moyenne et pour lesquels les 
considérations de prix réduit, de robus- 
tesse et dutilité sont de grande import- 
ance. 

Les résistances sont bobinées non- 
inductivement avec un alliage cuivre- 
nickel et elles sont thermiquement 
stables. La lecture de courant maximum 
a chaque décade soit 600, 200, 60 et 20 
mA, indique le courant continu maxi- 
mum admis, mais cette valeur peut étre 
dépassée de 50°, pour de plus courtes 
périodes. 

La précision du réglage est supérieure 
& 0.2% a 20°C, sauf pour la plus basse 
décade ow elle est de 1%. 

Des commutateurs classiques, d'une 
efficacité éprouvée et ayant une résist- 
ance de contact minimum inférieure a 
6 mégohms, sont utilisés dans ces boites. 
Ils ont une durée de vie prolongée a 
condition que les boites soient employées 
avec des circuits non-réactifs. 

Les boites sont de construction 
robuste, étant munies d'un solide coffret 
en acajou avec un panneau avant de 
0.47 cm d’épaisseur. Les boutons de 
commande ont été choisis pour la faci- 
lité de leur maniement et ils tournent 
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autour d'indications en grands chiffres 
blancs et clairs. Un séparateur intérieur 
en aluminium assure le contact avec le 
panneau frontal et garantit en méme 
temps un blindage totalement clos pour 
les commutateurs. 
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REGULATEUR ARRET/MARCHE 

ae ogg | Instruments (Pullin) Ltd, Electric 

Works, Winchester Street, Acton, London, W.3 
(Illustration a la page 608) 


Ce régulateur est basé sur le principe 
de linterruption d'un faisceau lumineux 
concentré sur un phototransistor par 
une petite ailette fixée & un instrument 
étalonné ordinaire a cadre mobile ou 
a fer mobile. 

Une sensibilité trés élevée sur la 
totalité de I’échelle peut étre obtenue 
avec l'instrument 4 cadre mobile car le 
mouvement ne subit pas de charge 
supplémentaire. La sensibilité maxima 
normale est de 20 “A avec un cadre de 
4.5 k2; une sensibilité plus élevée 
encore peut étre atteinte avec un systéme 
& aimant spécial. 

Le régulateur fonctionne enti¢rement 
sur courant secteur de 200 a 250 V, 
50 Hz. 

Il comporte un circuit de sortie isolée, 
assurant la commutation unipolaire a 
deux directions, ainsi qu'un circuit 
fournissant des signaux de_ tension 
secteur pour donner I’alerte ou pour le 
fonctionnement du courant solenoidal 
secteur. Ce dernier s'obtient par un 
interrupteur unipolaire & deux directions 
et assure également le fonctionnement 
du voyant indicateur dans le régulateur. 

La puissance de sortie isolée branche 
un courant alternatif de 3 A Aa 
200-250 V et le second circuit fournit 
un courant alternatif de 3 A Aa 
200-250 V. La précision de l’instrument 
est conforme a la Norme britannique 
BS.89.1954. La sensibilité du contréle est 
d’environ 1%. 

Le régulateur comprend un trans- 
formateur, des redresseurs. des relais, 
etc. enfermés en un seul coffret, ou bien 
il peut étre éloigné du bloc de commande 
par un cable multi-conducteur de 2 m 
de long. 

Il constitute un sensibilimétre d'une 
extréme souplesse d'emploi. Ainsi, si un 
seul point de repére est exigé, ce dernier 
peut étre réglé par shunts ou multipli- 
cateurs a n’importe quelle sensibilité 
voulue. Le circuit a été réalisé de telle 
fagon qu’en cas de panne de courant, 
des sources de lumiére ou des bobinages 
de relais, le relais correspondant retourne 
a la position de désarmocage. 
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BLOC D’ALIMENTATION EN 
CONTINU 


Distributears: Aveley Electric Ltd, Ayron Road, 
Aveley Industrial Estate, South Ockendon, Essex 


(Illustration a la page 608) 


Une nouvelle réalisation vient d’étre 
ajoutée a la série Gossen des blocs 
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Konstanter, introduits 
par la société 


d’alimentation 
dans le Royaume-Uni 
Aveley Electric Ltd. 

Ce bloc constitue ume source de 
tension continue de grande stabilité, 
pleinement transistorisée et de grande 
puissance, fonctionnant sur courant 
d’entrée alternatif de 40 & 60 Hz. Sa 
gamme de tensions va de 5 V c.c. 
(12 A) & 66 V c.c. (5,4 A) a variation 
continue. La durée d’échauffement 
de la tension a vide en pleine charge est 
de 0,2 msec et la tension d’ondulation 
est de 1 mV. 

L’instrument a des  caractéristiques 
exceptionnellement bonnes de stabilisa- 
tion et il comporte un limiteur de 
tension automatique 4 commande élec- 
tronique, ainsi qu'un disjoncteur a 
maxima thermique. La température 
ambiante maxima a pleine charge est de 
+30° C. 
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TRIODE GRILLE-IMAGE 
Mullard Ltd, Mallard House, Torrington Place, 
Leadon, W.C.1 


La nouvelle triode grille-image, mise 
au point par la société Mullard, permet 
la réalisation de circuits d’amplification 
HF pour dispositifs d’accord de télévision 
plus simples et moins cofteux. 

Cette nouvelle piéce, type PC97, peut 
étre utilisée & la place de la double triode 
communément employée dans les ampli- 
ficateurs HF de télévision, grace a sa 
capacité anode/grille exceptionnellement 
réduite c’est a dire de 0,5pF, obtenue par 
introduction de plaques de protection & 
la masse entre les appuis de la grille 
et l'anode. 

Le facteur de bruit d'un étage HF 
utilisant la triode PC97 est du méme 
ordre que celui d'un étage cascode a 
double triode. Le gain en est un tant 
soit peu plus réduit, mais une amplifi- 
cation élevée nest pas toujours un 
avantage avec les blocs d’accord de télé- 
vision, et il vaut souvent mieux d'aug- 
menter la sensibilité MF du récepteur. 

Une autre particularité du PC97 est 
la disposition spéciale des conducteurs 
cathodiques ainsi que les deux broches 
qui réduisent linductance des conduc- 
teurs cathodiques et donnent un bon 
amortissement de puissance d’entrée. 

La triode PC97 a une pente de 
13 mA/V a un courant anodique de 
11 mA. En modifiant la forme de polari- 
sation de —1 V a —S5 V, on réduit la 
pente de 100: I. 

Les dimensions physiques du tube, qui 
a un culot B7G, sont de 47.5 mm de 
hauteur “assise” sur 19 mm de diamétre. 
Le filament chauffant a une capacité 
nominale de 4,5 V, 300 mA. 
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MACHINE DE METALLISATION 
SOUS VIDE 


Developments Ltd, 
. Cambridge 


(Illustration a la page 609) 
La version la plus récente de la 


Vacuom 
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machine & métalliser sous vide continu 
de 55,8 cm V.M.D. comporte de nom- 
breux avantages et perfectionnements 
par rapport aux modéles précédents. Elle 
a été concue sous forme d’ensembie 
autonome, prét a l'utilisation aprés le 
branchement de la pompe 4a _ vide 
mécanique ainsi que de la distribution de 
courant, d’air et d'eau. 

La possibilité denrobage de la 
matiére de base sans séchage préalable 
a été étendue A certaines qualités de 
parchemin végétal et presque toutes les 
pellicules en matiére plastique peuvent 
étre miétallisées aussit6t recues du 
fournisseur. Cette particularité est d'une 
importance considérable, car elle réduit 
le coft de lexploitation et n’entraine 
aucun changement appréciable dans la 
qualité de la matiére utilisée. 

La matiére est fixée dans la machine 
sous forme de rouleaux de 55,8 cm de 
diamétre sur 55,8 cm de large. La 
chambre a vide est ensuite fermée et le 
vide y est fait en deux minutes environ. 
La bobine passe alors par une source 
d’évaporation continue chauffée, puis 
elle est enroulée & nouveau dans la 
chambre principale de la machine. L’air 
est admis moins d'une minute aprés 
lenrobage. Le rouleau terminé est 
retiré et le cycle est répété. On peut 
atteindre facilement une production de 
plus de 750 m/h de matiére. Ce tout 
récent appareil a été concu spécifique- 
ment pour répondre aux besoins du 
marché des condensateurs. En une seule 
operation, la pellicule plastique ou le 
tissu de condensateur peuvent étre 


métallisés, munis d’une marge vide, puis 


enroulés & nouveau sur des bobines 
propres au bobinage direct des con- 
densateurs. 

Des résistances de pellicule de l’ordre 
de 142/carre peuvent étre facilement 
atteintes, tandis que le rebobinage et la 
marge s‘effectuent A des _ tolérances 
supérieures 4 +0.2 mm. 
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KLYSTRON MILLIMETRIQUE DE 
GRANDE PUISSANCE 
Elliott Litton Ltd, 34 Portland Place, London W.1 

La société Elliott Litton Ltd., qui fait 
partie du Groupe Elliott Automation 
Ltd., vient de mettre au point un nouvel 
oscillateur klystron réglable de grande 
puissance pour la bande de 4 mm. 

Ce klystron, type 4TFK3, a une gamme 
daccord d’environ 2000 MHz. Il peut 
étre fourni pour fonctionner dans la 
bande de 68 a 80 Gc/s et sa puissance 
de sortie moyenne dans la bande peut 
atteindre 500 mW. 

Fabriqué comme klystron du_ type 
générateur d’harmoniques, basé sur le 
principe du klystron bande Q, type 
8TFK2, réglable Aa 10 watts, le 
4TFK3 a une durée de vie moyenne de 
500 heures au moins. Les signaux de 
sortie sont remarquablement exempts de 
dérive thermique et d’hystérésis, en 
raison du refroidissement par l'eau des 
cavités résonantes et l'emploi du prin- 
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cipe du tube de dérive flottant pour la 
cavité de groupement de la bande Q. 
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SELECTEUR D’INFORMATIONS 
Ultra Electronics i ie 3 Avenue, Acton, 
ndon, 


(illustration a la page 609) 


La société Ultra Electronics a mis au 
point un sélecteur d’informations qui 
augmente la souplesse de la_ série 
d’appareils de traitement automatique des 
données que produit cette société. 

Le sélecteur de données type UE875 
permet de sélectionner des blocs d’in- 
formations encodées sur bande de papier, 
sur bande magnétique ou sur cartes per- 
forées, et de les acheminer sur n’importe 
quel nombre de canaux de sortie et ce 
jusqu’é 10 canaux. 

Jusqu’a 64 lignes sont prévues sur 
chaque canal de sortie, ce qui est suffi- 
sant pour actionner un clavier entier de 
machine a écrire. Les canaux de sortie 
peuvent actionner également des 
machines a additionner ou A listes, des 
perforateurs de bandes de papier, etc. 
Une des plus simples applications des 
possibilités offertes par cet appareil con- 
siste en opérations de triage 4 10 direc- 
tions. 

La sélection des données s’effectue en 
insérant des caractéres de sélection entre 
blocs successifs d’informations intro- 
duites dans l'appareil. Jusqu’a 99 carac- 
téres de sélection sont disponibles. 
L’information requise pour un canal de 
sortie particulier est sélectionnée par 
l'interrupteur de sélection de code appro- 
prié sur le panneau frontal. Les signaux 
d’entrée sont décodés par une matrice 
montée sur plaquettes de circuit im- 
primés glissantes, qui peuvent étre 
combinées pour recevoir n’importe quel 
code a 5, 6, 7 ou 8 trous. La plupart 
des lecteurs 4 bande de papier, cartes 
perforées ou bande magnétique peuvent 
servir de source d’entrée. 
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RELAIS DE MESURE A CADRE 


MOBILE 
Leland Instuments Ltd, 145 Grosvenor Road, 
London, S.W.1 


(Illustration a la page 609) 


Le nouveau relais Microtact comprend 
un galvanométre a cadre mobile blindé 
de trés petite taille, dont le cadre mobile, 
monté sur supports amortisseurs, est 
muni d'un contact mobile qui s’embraye 
avec des contacts fixes aux deux extré- 
mités de larc de course. L’ensemble 
complet est renfermé dans un boitier de 
métal cylindrique, monté sur un socle 
standard du type a lampe miniature a 
sept broches et hermétiquement scellé. 
Le relais complet a 40 mm de long sur 
20 mm, de diamétre et il pése environ 
30 g. 

Le nouveau relais est livrable avec un 
choix de trois bobinages, soit 2.5 k®, 
125 2 et 2,5 2, donnant des sensibilités 
de déviation totale de 50 wA, 250 uA et 
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2,5 mA, et dans chaque cas les relais 
sont offerts soit avec zéro central soit 
sous la forme classique minimum/maxi- 
mum. Dans le cas des types minimum/ 
maximum, lorsque aucun courant ne 
passe par le cadre mobile, le contact 
mobile reste au repos contre le contact 
“minimum” fixe. Dans le cas des types a 
zéro central, le contact mobile reste a 
la position du zéro central lorsque 
aucun courant ne passe, les contacts 
fixes minimum aussi bien que maximum 
restant ouverts. 

En raison du scellement hermétique, 
les contacts “fixes” réglables doivent 
étre préréglés pendant la fabrication et, 
dans le cas du modéle le plus sensible, 
le type 191, le contact minimum est nor- 
malement avancé jusqu’éa un _ point 
équivalent 4 un courant de 5 #A. A ce 
dernier courant et 4 des courants plus 
élevés, le contact mobile  s‘éloigne, 
ouvrant ainsi le contact minimum. Les 
contact minimum aussi bien que maxi- 
mum restent alors ouverts jusqu’a ce 
qu'un courant de déviation totale de 
Véchelle de 50 u#A soit atteint. A ce 
moment-la, le contact mobile se ferme 
au contact fixe maximum. Dans le cas 
de la version a zéro central de ce 
modéle, les courants auxquels le con- 
tact mobile se ferme aux contacts mini- 
mum et maximum sont de +25 BA. 

Les courants correspondants pour les 
deux autres modéles classiques sont de 
25 et 250 wA pour le type 196 et de 
0.25 et 2.5 mA pour le type 164. 

Les chiffres précités indiquent la lec- 
ture de courant normale a laquelle des 
contacts sont réglés pour les relais de 
stock, mais a lintérieur des courants de 
déviation totale de l’échelle mentionnés 
pour chacun des modéles, les contacts 
peuvent étre réglés & n’importe quelle 
valeur afin de répondre aux besoins d'un 
client particulier. sur commande spéciale. 
Toutefois, malgré Vimpraticabilité d'un 
déplacement des contacts réglables une 
fois que les relais ont été hermétique- 
ment scellés, les courants précis de fer- 
meture et d’ouverture peuvent étre 
réglés électriquement dans une gamme 
étendue en ajoutant un potentiométre ex- 
térieur approprié, fourni comme supplé- 
ment facultatif avec chaque relais. 

S’agissant en fait d'instruments de 
mesure miniature 4 cadre mobile. la pré- 
cision avec laquelle ces relais s’ouvrent 
et se ferment aux courants voulus est 
d'un degré élevé, soit +1,5° du courant 
de déviation totale. 

La durée de réponse du relais Micro- 
tact est de 0.1 Aa 0,5 sec, selon le modéle 
particulier et les positions auxquelles les 
contacts sont réglés. 
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ALIMENTATION DE KLYSTRONS 


Decea Radar Lid, Decca House, Albert 
Embankment, London, S.E.1! 


(Illustration a la page 610) 

Il s'agit d'un instrument d'une grande 
souplesse d'emploi, étudié pour fournir 
une alimentation stabilisée 4 la plupart 
des klystrons de faible puissance. II se 
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caractérise par des sources d’alimenta- 
tion indépendantes et contrélées séparé- 
ment, dont chacune est a variation 
continue dans sa gamme de fonctionne- 
ment. Trois grands appareils de mesure 
a double étalonnage distinct, chacun 
muni d’un sélecteur de gamme a bouton- 
poussoir, permettent de contréler six 
points d’alimentation. Le montage stan- 
dard prévoit Il’affichage normal de la 
tension d’alimentation de résonateur, du 
courant de résonateur et de la 
tension de réflexion et, en pressant le 
bouton, n’importe quelle combinaison 
avec les points supplémentaires suivants: 
tension de chauffage, courant de chauf- 
fage et tension de grille. 

Pour prévenir tout endommagement 
accidentel du tube et permettre, en méme 
temps, de choisir la gamme appropriée 
de potentiels de fonctionnement, des 
plots & double limite sont prévus pour 
régler les commandes des tensions de 
chauffage, de résonateur de réflexion et 
de grille. 

Un générateur incorporé assure la 
modulation en dents de scie et A ondes 
carrées, avec rétablissement automatique 
du courant continu. La modulation est 
appliquée 4 lélectrode de réflexion, qui 
peut étre également actionnée a partir 
d'une source extérieure de modulation 
par une douille sur le panneau frontal. 
Une douille suppiémentaire est prévue 
pour le contréle de la modulation 
intérieure ou pour fournir une impulsion 
de déclenchement pour la synchronisa- 
tion d’autres appareils. 

Des piéces de caractéristiques 
nominales normales sont utilisées afin 
de garantir 4 l’équipement une longue 
durée et la sécurité de fonctionnement 
dans toutes les conditions de fonctionne- 
ment. Un circuit de protection, com- 
portant un interrupteur thermique a 
retard, empéche Tl application de la 
tension de réflexion avant que le circuit 
chauffant n’ait eu suffisamment de temps 
pour se chauffer. 
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CONVERTISSEUR BF 
Racal Engineering Ltd, Bracknell, Berkshire 
(Illustration a la page 610) 


Afin de donner une zone d'action plus 
étendue a son récepteur de trafic HF, 
type RA.1I7, la société Racal produit 
maintenant un convertisseur BF, type 
RA.137, qui, lorsqu’il est ajouté au 
RA.17, assure l'accord continu dans la 
gamme de fréquences de 10 kHz a 30 
MHz. 

Grace Aa ce nouveau dispositif, le 
RA.17 peut étre utilisé comme récepteur 
de trafic de bord, comme radiogonio- 
métre et comme récepteur de fac-similé a 
grande portée. 

Le RA.137 a été étudié pour réduire 
la transmodulation, le blocage et les 
effets d’intermodulation, en particulier 
ceux dis aux émissions de grande puis- 
sance sur ondes moyennes qui constituent 
un probléme de réception important 
dans la bande BF. 
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Une échelle en tambour a vision totale 
et a vitesse lente facilite la précision de 
l'accord, tandis qu’un circuit d’antenne 
a double accord, avec filtre passe-bas de 
dessin spécial, élimine les parasites dds 
aux émissions de radiodiffusion. 

Le convertisseur peut étre maintenu 
branché de maniére permanente au re- 
dresseur secteur durant le fonctionne- 
ment HF, sans pour autant dégrader le 
rendement. Un commutateur et un in- 
dicateur sur le panneau du convertisseur 
permettent la commutation. 

La convertisseur RA.137 est monté sur 
panneau classique de 48,2 cm. I] mesure 
8.89 cm de haut et il peut étre logé 
dans un méme coffret que le RA.17. 
Une version spéciale, se conformant aux 
conditions américaines, peut également 
étre livrée. 
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COMPTEUR HORAIRE 


Measuring Instruments (Pullin) Ltd, Electrin 
Works, Winchester Street, Acton, London, W.3 


(Illustration a la page 610) 


Ce compteur horaire synchrone peut 
étre utlisé efficacement pour mesurer la 
durée de vie de matériels électriques, 
vérifier la période de remplacement de 
tubes électroniques, établir des pro- 
grammes de révision pour machines de 
service et s’assurer de la durée de vie 
probable de prototypes dans les essais 
de durée de laboratoires. 

Le compteur horaire synchrone est 
équipé d’un moteur autodémarreur syn- 
chrone, de sorte que l’indication donnée 


soit toujours exacte, méme si les périodes 

de marche sont de trés courte durée. 
Le compteur est muni de deux con- 

ducteurs de raccordement de 30,4 mm, 


et il est prévu pour étre relié, en 
paralléle avec les connexions de secteur, 
au matériel dont on veut mesurer la 
durée de fonctionnement. 

Les indications du compteur horaire 
vont de 1/10° d’heure 4 99 999.9 heures, 
vu qu’il comporte six cylindres & chiffres, 
dont le sixi¢me mesure les intervalles de 
1/10° d’heure. Ils sont livrables pour 
courant alternatif de 100/125 V ou 
200/250 V, de 50 ou 60 Hz. La con- 
sommation électrique du compteur a 
200/250 V, 50 Hz, est d’environ 10 mA. 
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MASTIC PLASTIQUE 
Cable Covers Led, -. or House, London, 


Le mastic plastique “Talurit” est une 
nouvelle matiére malléable qui devient 
aussi dure que le roc une fois formée. 
C'est un isolant électrique des plus effi- 
caces qui peut étre usiné, perforé, 
taraudé ou fileté. 

Le nouveau mastic plastique se com- 
pose de deux éléments a part: de la 
résine et un durcisseur. Lorsque ces deux 
éléments sont complétement intégrés en 
parties égales (ce qui est aisément effec- 
tué avec les mains), un mastic facilement 
malléable est fourni qui adhérera a 
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n'importe quoi. Il se fige naturellement 
pendant une période de temps allant de 
14 & 18 heures, selon la température de 
la chambre, et il reste stable quant a 
ses dimensions, tout en acquérant une 
dureté et une force considérables, des 
qualités élevées d’isolement électrique et 
une résistance exceptionelle a I'huile, a 
l’essence et a l'eau. 

Des essais indépendants, effectués avec 
un nombre d’échantillons représentatifs, 
ont donnée les résultats suivants: 

Résistance a lacompression: 773 kg/cm’ 

Résistance a la traction: 49 kg/cm’ 

Rigidité diélectrique: 253 V/mil. 

Résistance entre conducteurs 

électriques et blindage: 

Résistance entre conducteurs 

électriques et eau 27850 M2 

Absorption d'eau 2.4% 

Certaines des applications électriques 
du mastic “Talurit’ comprennent le 
fixage de bornes, conducteurs ou tétes 
de cables d'isolement, d’étanchéité ou 
d’emboitement. 
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37300 M2 


DIODES ZENER SUBMINIATURE 


International Rectifier Co. (Great Britain) Lid, 
Horst Green, Oxted, Serrey 


(Illustration a la page 611) 


La International Rectifier Company 
(Great Britain) Ltd. offre maintenant 
des diodes Zéner subminiature en verre, 
d'une gamme de tensions extrémement 
étendue (3,3 & 27 V) et d'une dissipation 
nominale de puissance de 250 mW, pour 
plaquettes de circuits imprimés, circuits 
miniature et autres applications 4 minia- 
turisation permanente. Cette nouvelle 
série se distinque par sa stabilité élevée 
et son excellente régulation de tension 
dans la gamme de températures de 
—55°C a +150°C. 

Les nouvelles diodes, portant les 
références de types QZ3,3 & Q227, sont 
livrables en modéles 4 5 et a 10% de 
tolérance de tension, la tolérance étant 
spécifiée en ajoutant TIO ou TS au 
numéro du type, et elles ont une im- 
pédance Zéner maxima de 5 a 70 &. 
Elles sont, de plus, sélectionnées selon un 
processus particulier afin qu’elles pré- 
sentent des caractéristiques Zéner trés 
marquées. 

Toutes les diodes sont a scellement 
hermétique verre/métal pour plus de 
sOreté et de solidité, et elles mesurent 
6.73 x 2,8 mm 4 I’exclusion des con- 
ducteurs. 
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BOITES DE JONCTION COAXIALES 
Alenco Lid, Beacon Works, Hargrave Road, 
Maidenhead, Berkshire 


(Illustration a la page 611) 


La maison Kay and Company (Engin- 
eers) Ltd. de Bolton, qui fait partie du 
Groupe de sociétés Alenco, a créé depuis 
peu un nouveau type d’accessoire appelé 
“Konaxal.” Sa fonction est de relier les 
cables coaxiaux utilisés pour les trans- 
missions de télévision et il est en tous 
points identique au modéle produit pour 
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la General Piped Television Limited de 
Neath, Glamorgan. 

Les accessoires KONAXAL sont des 
boites de jonction complétes et des con- 
nexions en elles-mémes. Vu qu’elles sont 
faites en bronze A 85% de teneur en 
cuivre, elles constituent d’extrémernent 
bons conducteurs, étant, au demeurant, 
étanches & l'eau et propres a l'emploi 
extérieur sans risque de corrosion. 

Jusqu’ici ces accessoires ont été faits 
en trois modéles principaux, c’est A dire 
& deux directions, & trois directions et a 
quatre directions. Chacun de ces modéles 
peut recevoir n'importe quelle com- 
binaison de grandeurs de cAble, selon la 
demande du client. 
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CHARGE FICTIVE A 
REFROIDISSEMENT PAR EAU 
Telefunken GmbH, Berlin-Charlottenburg 1 

(Illustration a la page 611) 


Cette charge fictive 4 refroidissement 
par cau, a été réalisée pour absorber la 
puissance débitée par un émetteur de 
150 kW, pour des besoins de contréle 
ou d’accord. Elle peut étre utilisée, en 
outre, pour la mesure calorimétrique de 
la puissance de sortie de I’émetteur. 

La puissance appliquée a la charge 
fictive est dissipée dans une résistance a 
couche de carbone de 60 ohms, entourée 
d’eau et dont la température maxima ne 
dépasse pas 60°C. 

Un débitmétre a cau ainsi qu’une 


commande d’écoulement d'eau assurent 
lextraction uniforme de la chaleur. 
L’équipement complet, y compris la 
tuyauterie et les instruments, est logé 
dans une armoire étroite pouvant étre 
installée dans les stations ot Il’espace 
est limité. Presque 120 litres d’eau de 
refroidissement s’écoulent en une minute 
et peuvent étre transmis au systéme de 
refroidissement 4 nouveau de Il’émetteur. 
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MINUTERIE DE PROCESSUS 
Richard Allan Radio Ltd, Taylor Street, 
Batley, Yorkshire 
(Illustration a la page 611) 


L’appareil & minuter les processus 
Richard Allan représente un systéme 
précis mais & un prix économique pour 
minuter les processus industriels. Il est 
a circuit imprimé et utilise un tube de 
déclenchement a cathode froide qui lui 
garantit une longue durée de vie et une 
grande sécurité de fonctionnement. II 
est logé dans un robuste coffret en 
aluminium moulé, mesurant 17,78 cm x 
11,43 cm xX 8,89 cm, scellé contre la 
pénétration des poussiéres et de l'humi- 
dité au moyen d'une garniture de 
caoutchouc. Il comporte deux ouver- 
tures de 1,9 cm, qu’on munit de 
rondelles isolantes en caoutchouc lors- 
que des cAbles souples sont utilisés. 

Etant donné que la minuterie est 
montée sur un chassis en aluminium 
coulé, elle peut étre retirée compléte- 
ment de son logement et montée directe- 
ment sur panneau d’instrumentation, le 


coffret étant fixé a larriére du panneau 
pour servir de pare-poussiére. 

Le modéle de base a une gamme de 
minutage de 1 & 55 secondes, a variation 
continue pendant cette période de temps, 
grace aA une commande étalonnée 
directement en secondes. Il peut aussi 
étre fourni pour d'autres gammes, allant 
de 0,1 4 300 sec. La précision de répé- 
tition de base de la minuterie est de 
+1% tandis que la précision de réglage 
ne change pas de plus de 5% dans une 
gamme de tensions alternatives secteur 
de 200 a 250 V. 


La période de minutage est mise en 
action en fermant les contacts de dé- 
clenchement extérieurs, une impulsion 
d’une durée de 40 msec étant suffisante 
a cet effet. Pendant la période de minu- 
tage, ume paire de contacts de 250 V 
5 A est fermée ou ouverte. Afin de 
pouvoir Il’utiliser comme minuterie 4a 
répétition, les contacts de déclenchement 
sont court-circuités et la minuterie 
répétera la période de minutage avec un 
temps de rétablissement de 40 msec. 

La minuterie est fabriquée selon le 
principe de sécurité en cas de panne, car 
toute interruption de l’alimentation sec- 
teur ou toute panne de fonctionnement 
provoque l’ouverture du_ circuit de 
charge, les contacts n’étant rétablis que 
lorsqu’un autre cycle est mis en train 
extérieurement. II existe, enfin, la possi- 
bilité d’utiliser deux ou plusieurs minu- 
teries en séquence pour des opérations 
compliquées de minutage. 
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Resumés des Principaux Articles 


Générateur de transformations de Fourier 


par W. K. E. Geddes et G. F. Newell 


Les auteurs décrivent un di:positif électronique capable d afficher, lorsqu’il est couplé a un 
oscilloscope approprié, la transformation sinusoidale ou cosinusoidale de n’importe quelle fonction 


Résumé de I’ article 
aux poges 556 a 56/ 


pouvant étre représentée, tout au moins approximativement, par pas plus de quarante et une ordonnées 
espacées @ intervalles égaux de la variable. Une condition supplémentaire exige que ces ordonnées 


soient disposées de maniére a ce que pas plus de vingt ne soient placées de part et d’autre du point 
de repére ou zéro de la variable. 


Une machine a lecture numérique rapide 


Résumé de |’ article 
aux pages 562 d 565 


par G. Fougére, J. Preston et R. Farnsworth 


La fonction de cette machine est de lire des groupes de chiffres décimaux imprimés sur bande 
plastique mousse spéciale. L’impression augmente 30 fois environ la transmission de la lumiére a 


travers la bande et la lecture s’obtient par un réseau bidimensionnel de cellules solaires. L’utilisation 
actuelle se limite a un taux de 150 caractéres par seconde, quoique le systéme soit capable de lire 
plusieurs milliers de caractéres par seconde. En utilisant un niveau élevé de redondance d’ informations, 


on a pu maintenir le taux d’erreur-au-dessous de 0,01°% et permettre une qualité d’impression 


des plus siires. 


Détermination de la grandeur des noyaux dans !’étude des transformateurs d’impulsions 


par C. F. Wilds 


Cet article traite des transformateurs d’impulsions congus pour recevoir des impulsions rectangu 
laires et ayant un rapport élévateur moyen ou élevé. x ee 
Il indique le mode de réalisation d’un abaque dont on peut tirer les valeurs d’inductance primaire, 


Résumé de I'article 


oux pages 566.4573 4% sortie. 


d’ inductance de fuite et de capacité répartie, nécessaires pour obtenir une forme donnée d’impulsion 


Les données de |l’abaque, ainsi que celles se rapportant au matériau de noyau approprié et au 


bobinage sont présentées en termes généraux. Des équations peuvent étre obtenues pour le calcul 
de la section transversale du noyau et de la longueur du parcours magnétique. 
Un exemple est donné pour expliquer I’utilisation de la méthode. 
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Le perfectionnement des générateurs électroniques de musique par Alan Douglas 


Résumé de l'article Les détails de construction d’un orgue électronique simple ont paru dans notre revue (1955) ainsi 
aux pages 574.4577 (He sous forme de livre. Le présent article décrit la maniére dont sont produits des accords sur le 
clavier supérieur. Il donne également des détails d'un générateur a transistors. 


Méthodes de mesure sur un duplexeur hybride 4 anneau de voie de transmission, utilisé dans la gamme de fréquences de 20 a 30 
MHz par A. J. Hymans 
L’article traite d’un duplexeur hybride a anneau, congu et construit pour |’ application a un systéme 
de radar M.F.O.E. Il décrit en particulier la réalisation de certaines piéces essentielles, comme la 
Résumé de l'article charge d’équilibrage pouvant dissiper jusqu’a 2kW. Les méthodes de mesure sont ensuite décrites. 
aux pages 578 a 58! fs résultats montrent que l’isolement, la transmission et la largeur de bande obtenus furent satis- 
aisants. 


Un compteur de 100 cycles/seconde pour mesurer les intervalles de temps réduits par G. M. Dawe 


Cet article décrit un dispositif de conception simple pour compter les impulsions positives provenant 
de la tension secteur alternative ordinaire, a la cadence de 100 impulsions par seconde. Ces impulsions 
parviennent de la forme d’onde secteur a travers deux redresseurs demi-alternance, une paire de diodes 
zéner et des montages différentiateurs, et ils sont ensuite amplifiés et couplés a une série de trois 
dékatrons compteurs Z302C afin de donner un résultat final a 3 chiffres. 


Résumé de i’ article 
aux pages 582 d 584 


Un dispositif de téléimpulsions 4 fonctionnement lumineux pour bornes de haute tension par F. E. Taylor 

L’une des méthodes de commande d’un dispositif a potentiel élevé de courant continu consiste a 
transformer des impulsions électriques en impulsions lumineuses et inversement. L’appareil se 
compose essentiellement d'une source de lumiére stroboscopique et d'une cellule photoélectrique 
sensible. Une application particuliére dans un accélérateur nucléaire est décrite dans cet article qui 
examine, en outre, d'autres adaptations possibles. 


Résumé de article 
aux pages 584 d 585 


Un inverseur c.c.—c.a. de grande puissance 4 tension de sortie sinusoidale par G. Salters 

Cet article traite de la conversion du courant continu en courant alternatif a l'aide de dispositifs 
constitués de corps solides faisant fonction d’éléments de commutation. L’ élément de commutation 
utilisé est le redresseur au silicium. 

Une forme d’onde sinusoidale de sortie approximative est synthétisée a partir d’un certain nombre 
de segments verticaux, obtenus par la commutation en séquence ordonnée de six redresseurs au 
silicium reliés aux bobinages secondaires d’un transformateur. Deux redvesseurs contrélés, commutés 
tour a tour dans le primaire du transformateur, permettent de mettre hors circuit les redresseurs 
contrélés reliés aux secondaires du transformateur. 

L’article décrit, en outre, un montage a phase unique d’une puissance de sortie de 400Hz et 
fournissant environ | kilowatt a une charge résistive, ainsi qu'une méthode pour le fonctionnement a 
trois phases. ij 


Résumé de I'article 
aux pages 586 d 59] 


Amplificateur de courant continu constitué de corps solides, 4 entrée flottante et faible dérive par I. C. Hutcheon 


L’auteur décrit un amplificateur de courant continu du type “chopper” (a relais modulateur) et 
constitué de corps solides. Ses bornes d’entrée, de sortie et d’alimentation sont isolées électriquement 
les unes des autres ainsi que du chdéssis. Il rejette les signaux d’entrée commune jusqu’a 300V c.c. 
ou c.a. et permet de mettre la sortie a la masse ou a n'importe quel potentiel voulu dans les mémes 
limites. 
L’isolement entre l’entrée et la sortie est assuré par un étage de sortie de type magnétique qui 
injecte de 0 4 10 mA de courant continu dans n’importe quelle charge entre 0 et 2 kQ, et il a un gain 
Résumé de !’article unitaire de +0,1%. Si l’isolement n'est pas nécessaire, l’étage peut étre mis en dérivation et la 
aux pages 5924596 _—précision totale sera améliorée en conséquence. Le gain de tous les étages précédents peut étre 
stabilisé a +-0,05 % prés ou davantage, a n’importe quelle valeur voulue jusqu’a 10mA/pA et 1OmA/mvV, 
par contre-réaction totale du courant continu. On peut également relier les circuits non-linéaires au 
circuit de réaction. 
Un relais modulateur a transistors au silicium et a régulation de température maintient la dérive 
de zéro au-dessous de +10pV et a +2mpA dans des températures ambiantes a'lant de 0 a 50°C. 
Des changements de tension d’alimentation et de fréquence dans les limites de 180 & 270V ou de 
90 a 135V, 40-60Hz, et de 18 a 30V c.c. n’influent presque guére sur le rendement. 


Un compteur a décades inversible économique par I. Scollar 

Cet article décrit un compteur a decades inversible pour les soustractions successives, ne comportant 
que huit transistors, trente diodes et des circuits RC. Ce compteur peut contréler des impulsions 
atteignant 150kHz avec inversion a un taux de 50kHz. Le comptage s’effectue dans le code 1242 
Résumé de l'article | complémentaire et l’inversion s obtient au moyen d’un résistance a diodes et de déclencheurs entre les 
aux pages 5974 599 = étages. La réaction pour le comptage a décades n'est pas a action réciproque dans les deux directions 
et n’exige aucune commutation. Les binaires de base sont munis d'un circuit d’entrée entiérement a 
diodes a4 commande automatique qui autorise des taux de comptage plus élevés que les dispositifs a 

déclenchement périodique par résistances a diodes. 


L’amplficateur différentiel asymétrique par R. C. Marshall 
L’amplificateur différentiel, ou amplificateur a tubes jumelés a longue persistance, est utile comme 
Résumé de I’article | déphaseur multiple, comme amplificateur différentiel ou comme amplificateur de tension continue a 
aux pages 6004 60! faible glissement. Le circuit de cet amplificateur est analysé dans cet article afin d’en montrer le 
comportement. Un exemple est donné de la réalisation d'un étage asymétrique. 
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Beschreibung neuer Bauelemente, Zubehdrteile und Priifgerate auf 


Mikrowellen-V erbindungen 


Marconi’s Wireless Telegraph Co. Ltd, 
Chelmsford, Essex 


(Abbildung Seite 606) 


Die Verbindung Type F1200 wurde 
als starre und zuverlassige Kupplung 
fir 4 GHz-Mikrowellengerite entwickelt, 
wobei besonders auf gute Anpassung 
Wert gelegt wurde. Fiir Kabelverbindun- 
gen und Einbau kénnen wahlweise ver- 
schiedene Ausfiihrungen geliefert wer- 
den. Normalerweise werden die Verbin- 
dungen als Kupplungen geliefert, konnen 
aber durch Zusatz eines Fiihrungsringes 
und Verbindungsstiftes einfach in 
Stecker umgewandelt werden. Die Kon- 
struktion sieht einen Dichtungsring vor, 
um die Verbindung wasserdicht zu 
machen; ein besonderes Werkzeug 
wurde fiir den Zusammenbau entwickelt. 

Die Impedanz ist 50 2, und von 3,6 
GHz... 5 GHz ist das Stehwellenverhalt- 
nis fiir das Verbindungspaar niedriger als 
0,2 dB. Diese Verbindung ist in Ausfiih- 
rungen fiir die Kabeltypen UR67, UR43, 
RG9A/U und RGS55/U lieferbar. 

In der Abbildung werden verschiedene 
Verwendungszwecke fiir die Verbindung 
illustriert. 


EE 37 751 fiir weitere Einzelheiten 


Gleichrichter in Keramikkolben 
Ferranti Ltd, Hollinwood, Lancashire 
.(Abbildung Seite 606) 

Unter den neusten Entwicklungen der 
Dundee-Werke der Ferranti Ltd. auf 
dem Gebiet der Hochspannungsgleich- 
richter in evakuierten Keramikkolben 
sind der Hochspannungsgleichrichter 
UR41 und der versuchsmdssige Hoch- 
spannungsgleichrichter DX¥V18432 zu 
erwihnen. Beide Réhren haben indirekte 
Gliihkathoden, im wesentlichen metalli- 
scher Natur, und verbinden die Eigen- 
schaften von Oxydkathoden, die in 
Bezug auf Heizleistung wirtschaftlich 
sind, mit denen von thorierten Wolfram- 
kathoden, die hohe Spannungen 
aushalten kénnen. 

Die abgebildete UR41 wurde in erster 
Linie fiir Verwendung als Sperrdiode in 
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gemachten Angaben. 


Radarmodulatoren fiir Falle entwickelt, 
in denen die Umgebung oder hohe 
Spitzensperrspannungen Verwendung 
herkémmlicher Glasréhren unmédglich 
machen. Die fiir 16 kV Spitzensperr- 
spannung bemessene UR41 kann Span- 
nungsstésse bis zu 20 kV aushalten. Sie 
arbeitet zufriedenstellend in hohen 
Umgebungstemperaturen mit einer Ano- 
dengrenztemperatur von 225°C und hat 
bei dieser Temperatur eine Lebensdauer 
von 1000 Stunden. Der Spitzenimpuls- 
anodenstrom ist 14 A, die héchste 
Verlustleistung 40 W. Die UR41 ist 105 
mm lang und hat einschliesslich Kiihlung 
einen Durchmesser von 40 mm. 

Die DXV18432 wurde fiir Verwendung 
als Sperrdiode fiir Hochleistungsradar- 
modulatoren entwickelt, hat eine 
Spitzensperrspannung von 28 kV_ und 
einen Spitzenimpulsanodenstrom von 
30 A. Luft- und wassergekiihlte Ausfiih- 
rungen mit Edison-Riesenschraubsockel 
oder Kabelzuleitung wurden konstruiert. 
Die Gesamtlinge ist 184.2 mm und der 
Durchmesser ohne Kiihlung 41,28 mm. 
Mit Luftkiihlung ist der grésste Dutch. 
messer 63,5 mm. 
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Wechselstromwandier-V oltmeter 


Solartron Laboratory Instruments Ltd, Cox Lane, 
Chessington, Surrey 


(Abbildung Seite 606) 

Das neue Solartron Wechselstrom- 
wandler-Voltmeter LM903 misst Wech- 
selspannungen von 0...500 V im Fre- 
quenzbereich 20 Hz...5 MHz. Es wurde 
in erster Linie fiir Betricb mit dem 
Solartron Digitalvoltmeter LM902.2 fiir 
vierziffrige Digitalanzeige von Wechsel- 
spannungen im Bereich 100 4V...500 V 
in fiinf Stufen entwickelt. Bei Verwen- 
dung mit dem LM902.2 ist die Mess- 
genauigkeit zwischen 50 Hz und 100 kHz 
+0,25°%, zwischen 20 Hz und 750 kHz 
+20% des Vollausschlages fiir jeden 
Bereich und mit brauchbaren Anzeigen 
bis zu 5 MHz. 

Bei Alleinverwendung iiberstreicht das 
Wechselstromwandler-Voltmeter 0...15 
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Grund der von Herstellern 
Ubersetzung der Seiten 606 bis 6/1 


mV bis zu 0...500 V in 10 Bereichen mit 
einer Anzeigegenauigkeit von +2°% auf 
dem eingebauten Messgerait. Der Ein- 
gangswiderstand ist 1 M&S mit einem 
Nebenschluss von ungefahr 40 pF. 

Feinregler und eine eingebaute Eich- 
spannung erméglichen genaue Anfangs- 
einstellung des Gerites bei Alleinbenut- 
zung oder mit dem Digitalvoltmeter. 
Uber eine Koaxialbuchse kann das ver- 
starkte Wechselspannungssignal auf 
einem Oszillografen beobachtet werden. 

Das Wechselstromwandler-Voltmeter 
LM903 wird normalerweise als Tischgerat 
geliefert, kann aber genau so wie das 
Digitalvoltmeter LM902.2 ohne weiteres 
fiir Gestelleinbau geandert werden. 
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Abstreifzangen 
Hellermann Lid, Crawley, Sussex 
(Abbildung Seite 606) 

Hellermann Ltd. hat vor kurzem zwei 
neue Abstreifzangenmodelle eingefiihrt. 

Das Standardmodell ist fiir allgemeinen 
Gebrauch und streift Leitungsumhiil- 
lungen bis zu einer Lange von 22 mm 
ab. Eine automatische Vorrichtung halt 
die Backen offen ohne zu quetschen. 
Einkerben, Ejinschneiden oder Aus- 
fransen wird nahezu vollstandig 
vermieden. Das Werkzeug ist besonders 
zum Abstreifen diinner Drahte, Radio- 
und Instrumentdrahte, Kabel und Fern- 
sprechleitungen geeignet. Die Messer 
der neuen Abstreifzangen kénnen leicht 
ausgewechselt werden, und das ganze 
Werkzeug wiegt nur 400 g. 

Das Luxusmodell wurde fiir Bear- 
beitung von Kabeln in Flugzeugen, 
Fernlenkwaffen und dhnliche Prazisions- 
arbeiten entwickelt. Die  einzigartige 
Messerkonstruktion und ausserordent- 
liche Haltekraft der breiten Backen 
erméglicht genaues, schnelles Abstreifen. 

Das neue Luxusmodell ist so kon- 
struiert, dass der Draht beim Abstreifen 
weder eingekerbt noch abgeschabt und 
die Isolierung nicht markiert wird. Es 
wiegt nur 400 g wie das Standardmodell. 
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Zweistrahl-Oszillograt 
Solartron Laboratory Instruments Ltd, Cox Lane, 
Chessington, Surrey 


(Abbildung Seite 607) 

Type CT 436 ist ein tragbarer Zwei- 
strahl-Oszillograf, der den _ strengen 
Bestimmungen der KII4E-Norm_ ent- 
spricht, entweder mit Wechselstrom von 
45...400 Hz oder 24...30 V Gleichstrom 
betrieben wird und 12,7 kg wiegt. Der 
CT 436 hat zwei getrennte Y-Kanale 
(0...6 MHz); jeder Kanal hat einen 
eigenen Satz von Bedienungselementen 
zur unabhangigen Spureneinstellung auf 
der Zweikanonen-Elektronenstrahlréhre. 
Die Empfindlichkeit der Y,- und Y,- 
Verstarker von 100 mV/cm bis 100 V/cm 
wird in 10 Bereichen (Schaltfolge 1-2-5) 
mit +5% Genauigkeit iiberstrichen. 
Eine zusitzliche zehnfache Verstirkung 
ergibt eine Hdéchstempfindlichkeit von 
10 mV/cm (3 Hz...500 kHz). Feinrege- 
lung der Verstarkung gewahrleistet kon- 
tinuierliches Uberstreichen. 0,4 us Signal- 
verzégerung fiir beide Kanale erméglicht 
Untersuchung der Anstiegsflanke 
schneller Impulse. Verschiebung der Y- 
Achse um zwei Durchmesser ist vorgese- 
hen; die Y-Platten sind zuginglich. 

Die in 18 geeichten Bereichen iiber- 
strichene Zeitablenkung von 1 cm/ss bis 
zu 2 cm/s (Schaltfolge 1-2-5) kann ent- 
weder wiederholend, getriggert oder mit 
Eigentriggerung arbeiten. Eine Fein- 
regelung ermédglicht  kontinuierliches 
Uberstreichen. Messgenauigkeit betragt 
+5%. Mitiels “ Pegel”- und “ Stabili- 
tats”-Reglern kann die Triggerung fiir 
jeden beliebigen Punkt der getriggerten 
Wellenform' eingestellt werden. Die 
Ablenkwellenform kann an Ausgangs- 
klemmen abgenommen werden (15 V 
Spitze-zu-Spitze iiber einen Kathoden- 
verstarker, 150 V bei hoher Impedanz 
zum Treiben eines Ablenkgenerators). 
Durch die X-Verschiebung kann fiir alle 
X-Verstirkereinstellungen jedes der 
beiden Spurenenden zur Mitte  ver- 
schoben werden. Externe Signale kénnen 
in den X-Verstiérker (0...500 kHz) 
gespeist werden, dessen Eingangsimpe- 
danz 1 M2 und 30 pF ist. Die Empfind- 
lichkeit ist von ungefahr 0,2 V/cm bis 
zu 2 V/cm stufenlos regelbar. 

Eine 1 kHz-Rechteckwelle von 0,5 V 
Spitze-zu-Spitze +1% dient  Ejich- 
zwecken, und dieselbe Wellenform steht 
auch mit 7,5 fiir Einstellelektroden 
zur Verfiigung. Die Zweikanonen-Elek- 
tronenstrahlréhre 3AZP31 gibt lichtstarke 
Anzeigen von ausgezeichneter Schirfe. 
Die stabilisierte Hochspannung (1,75 kV) 
gewihrleistet Unabhiangigkeit der 
Eichung von Helligkeitspegeln. Externe 
Helligkeitsmodulation ist auch vorgese- 
hen: 5 V Spitze-zu-Spitze am Gitter der 
Elektronenstrahlréhre moduliert die 
Spuren vdllig. Das -kantenbeleuchtete 
Raster ist in cm mit 2 mm—Unterteilung 
geeicht. 
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Quarzbedampfungsanlage 
N.G.N. Electrical Ltd, Avenue Parade Accrington, 
Lancashire 


(Abbildung Seite 607) 
Diese neue, von N.G.N. Electrical Ltd. 
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entwickelte Anlage zur _ schnellen 
Bedampfung von Quarzen wahrend der 
endgiiltigen Frequenzabgleichung zeich- 
net sich durch leichte Bedienung und 
Regelung in Verbindung mit Beweglich- 
keit aus. 

Die Quarze werden in Doppel- 
kammern eingebracht, die mit Deckeln 
aus nichtrostendem Stahl verschlossen 
werden. Jede der Kammern_ wird 
abwechselnd bis auf ein angezeigtes 
Vakuum von weniger als 0,54 Queck- 
silber ausgepumpt. Dieser Arbeitsgang 
ist in weniger als 15 Sekunden durch 
eine Kombination von Rotations- und 
Diffusionsvakuumpumpen beendet, die 
durch einen vierstufigen Schalter 
gesteuert werden. In jeder Kammer ist 
ein abnehmbarer Ring zum Aufsetzen 
der Quarzhalter und Heizfaiden vorge- 
sehen. 

Ein weiterer vierstufiger Drehschalter 
steuert das Pumpen, den Luftzutritt und 
den Nachschub des Verdampfungsheiz- 
fadens der Kammern. Die Steuerorgane 
sind so angeordnet, dass jede der 
Kammern einfach durch Drehen des 
Schalters um 90° abwechselnd betrieben 
werden kann. Die iibrigen zwei Stufen 
erméglichen gleichzeitiges Auspumpen 
der beiden Kammern oder Isolation 
unter Vakuum wihrend Stillegung oder 
Betriebspausen. 

In jeder Kammer sind Durchfiihrungs- 
elektroden geringer Kapazitét fiir 
Quarzanschluss und Frequenzmesser 
vorgesehen. Die Versorgung der 
Kammern mit Verdampfungsheizfaiden 
erfolgt iiber Hochleistungselektroden. 
Der vierstufige Schalter ist mit Leerlauf- 
kontakten ausgeriistet, die fiir die vom 
Benutzer bevorzugte Verdampfungs- 
steuerung gedacht sind. 
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UKW-Empfinger 


Telecommunications Ltd, Telecomm 
M Square, Crewkerne, Somerset 


(Abbildung Seite 607) 

Die UKW/AM-Nachrichtenempfanger 
der “Telecomm” TR-Serie sind vollitran- 
sistorisierte Gerite mit doppelter Uber- 
lagerung. Da sie von kleinen internen 
Batterien gespeist werden, sind sie fiir 
tragbaren, fahrbaren oder ortsfesten 
Betrieb geeignet. 

Zur Zeit sind vier 
folgende Dienste lieferbar : 

Modell TRS — 140...150 MHz 

Amateurfunkdienst 2 m- 

Modell TR7 — 120...140 MHz 

Flugfunkdienst 
Modell TRI — 72... 37 MHz 
Beweglicher Funkdienst 
Modell TR11— 56... 70 MHz 
Amateurfunkdienst 4 m- und 
6 m- Band 

Quarzgesteuerte Gerite kénnen fir 
eine Festfrequenz im Bereich von 40 bis 
180 MHz geliefert werden. Eine 
Quarzeichquelle, Uberlagerungsoszillator 
oder dynamischer Lautsprecher kénnen 
auf Wunsch zusiatzlich eingebaut werden. 


R.E.E. 
Works, 


Modelle fiir 


Band 
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Die Schaltung besteht aus einem HF- 
Verstarker in Basisschaltung (OC171), 
der zur Anpassung an den Eingangs- 
widerstand des Transistors von einem 
unscharf abgestimmten Antenneniiber- 
trager getrieben wird. Der Ausgang wird 
einer selbstschwingenden Mischstufe in 
Basisschaltung (OC171) zugefiihrt. Die 
hohe erzeugte ZF von 10,7 MHz wird 
in eine XA131-Verstarkerstufe gespeist. 
Der Ausgang eines weiteren XAI131- 
Oszillators wird mit dem 10,7 MHz- 
Signal an eine XA131-Mischstufe gelegt 
und ergibt die niedrige ZF von 460 kHz. 

Die frequenzabhaingige Empfindlich- 
keit ist 0,2 »V fiir 50 mV Ausgangs- 
leistung, und die Trennschirfe falit bei 
16 kHz Verstimmung um 50 dB ab. 

Fiir Frequenzen tiber 1 MHz von der 
abgestimmten Frequenz entfernt fallt der 
Stérsignalgang mindestens 40 dB ab. 
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Toroid-Primiartransformator 


Farnell Instruments Lid. Light Industrial Estate, 
York Read, Wetherby, Yorkshire 
Der 


“Primatran” besteht aus einer 
ringférmigen Primarwicklung in einem 
Kunststoffpresskérper, auf den die vom 
Benutzer gewiinschte Sekundirspule 
gewickelt wird. 

Eine dreipolige Eingangsbuchse an 
einer Seite des Pressteiles verbindet das 
Netz mit der Primdrwicklung, und bei 
Verwendung als Stromumformer kann 
der Ausgang von denselben Buchsen 
abgenommen werden. 

Bei Verwendung als Stromumformer 
wird die primare Wicklung die sekun- 
dire, da das durch das Mittelloch 
gefiihrte Kabel die primare wird. 

Der Primatran kann mit einphasiger 
Eingangsspannung von 220/250 V 50... 
60 Hz arbeiten, und der Ausgang ist fiir 
250 VA Dauerbelastung bemessen. Bei 
diskontinuierlichem Betrieb ist die 
Ausgangsnennbelastung 350 VA. Die 
Ausgangsspannung kann’ entsprechend 
der Anzahl der auf das Primatran 
gewickelten sekundaren Windungen nach 
Wunsch auf- oder abgespannt werden. 
Da eine Sekunddrwindung bei Vernach- 
lassigung der Verluste ungefahr 0,33 V 
Ausgangsspannung erzeugt, ergibt eine 
Uberschlagsrechnung  keicht, welche 
Spannung mit einer beliebig gewahlten 
Windungszah| erzielt werden kann. 
Natiirlich muss der Drahtdurchmesser 
beriicksichtigt werden, da der Draht- 
widerstand einen Spannungsabfall her- 
vorruft; auch die Transformatorregelung 
muss in Betracht gezogen werden. 

Mehr als eine Sekunddrwicklung kann 
zu gleicher Zeit benutzt werden; z.B. 
kénnen 6 V 2 A und 10 V 4A gleich- 
zeitig abgenommen werden. 

Ausser der allgemeinen Verwendung 
im Labor ist der Primatran auch zur 
Vorfiihrung der Transformatorprinzipien 
im Unterricht niitzlich. Er kann zur 
Demonstration der Grundprinzipien der 
Spannungs- und Stromverhiltnisse, der 
Wicklungsberechnung in der Umspanner- 
konstruktion, der Bestimmung des 
Wirkungsgrades zwischen Primir- und 
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Sekundarwicklung und der in der Sekun- 
darwicklung auftretenden Verluste ver- 
wandt werden. 
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Miniatur-Gleichstromrelais 
B. & R. Relays Ltd, Temple Fields, Harlow, 


(Abbildung Seite 608) 

B. & R. Relays haben die Herstellung 
des bisher kleinsten Relais in ihrem 
Fertigungsprogramm aufgenommen. 

Die Abmessungen dieses preisgiin- 
stigen, als B.14 bezeichneten Relais sind 
25.4 x 23,8 x 28,8 mm, und es wiegt 
nur 28,4 g. 

Das B.14 hat maximal _ einen 
Umschalter mit Silber- oder Silber/Kad- 
miumoxydkontakten, dessen gemeinsamer 
Kontakt am Relaisrahmen liegt. Der 
Kontaktabstand ist 0,38 mm, der Min- 
destkontaktdruck 8 g. Die Nennansprech- 
leistung ist 100 mW, das Relais wird 
aber bei 80% dieses Wertes ansprechen. 

Bei Héchstleistung ist die Ansprechzeit 
3 ms. 

EE 37 759 fiir weitere Einzelheiten 


Dekadenwiderstand 
Lionmount & Co. Ltd, 40 Hatton Garden, 
London, E.C.1 


(Abbildung Seite 608) 


Der Dekadenwiderstand RD2 ist ein 
umschaltbares Gerit, das den Bereich 
1 2... 10 k2 mit vier Skalen iiberstreicht. 

Er wurde besonders fiir Entwick- 
lungslabors und technische Lehranstalten 
entwickelt, fiir die eine mittlere Genauig- 
keit ausreicht und giinstige Preislage, 
Unempfindlichkeit und bequeme Bedie- 
nung von ausschlaggebender Bedeutung 
sind. 

Als Widerstinde werden temperatur- 
stabilisierte, induktionsfreie Drahtwider- 
stinde aus Kupfernickellegierung ver- 
wandt. Die fiir jede Dekade angegebenen 
Hichststréme (600, 200, 60 und 20 mA) 
geten die héchstzuladssigen Dauerstréme 
an, die jedoch fiir kurze’ Zeit bis 50% 
liberschritten werden kénnen. 

Die Einstellgenauigkeit ist bei 20°C 
besser als 0.2%, mit Ausnahme der 
niedrigsten Dekade, fiir die sie 1% ist. 

Die benutzten Schalter bewdhrter 
herkémmlicher Konstruktion haben 
einen Minimumkontaktwiderstand von 
6 m&2 und garantieren bei Benutzung des 
Dekadenwiderstandes in  reaktionslosen 
Schaltungen eine lange Lebensdauer. 

Das Gerit ist stabil gebaut und in 
einem Mahagoniholzkasten mit 4,75 mm— 
Frontplatte untergebracht. Die Bedie- 
nungsknépfe wurden fiir bequeme Hand- 
habung gewihlt; sie laufen tiber klare 
und grosse weisse Zahlen. Der Kasten ist 
innen mit Aluminium ausgelegt, das mit 
der Frontplatte Kontakt macht und 
damit eine geschlossene Abschirmung fiir 
die Schalter bildet. 
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“ Ein-Aus ”-Wichter 

Instruments (Pullin) Ltd, Electric 
imchester Street, Acton, London, W.3 
(Abbildung Seite 608) 

Der Wachter arbeitet nach dem 
Prinzip der Unterbrechung eines auf 
einen Fototransistor fokussierten Licht- 
strahls durch eine kleine, an einem nor- 
malen, geecichten Drehspul- oder 
Weicheiseninstrument befestigte Fahne. 

Fiir das Drehspulinstrument ist eine 
sehr hohe Vollausschlagsempfindlichkeit 
méglich, da das Messwerk nicht zusiatz- 
lich belastet wird. Die iibliche Héchst- 
empfindlichkeit mit einer 4,5 k2-Spule 
ist 20 wA. Mit Spezialmagnetsystemen 
sind sogar héhere Empfindlichkeiten 
lieferbar. 

Der vollig netzbetriebene Wachter ist 
fiir 200...250 V 50 Hz ausgelegt. 

Ein isolierter Ausgangskreis ist mit 
einem Umschalter ausgeriistet, und ein 
weiterer Kreis gibt Netzspannungs- 
Alarmsignale ab oder betiatigt Magnet- 
spulen. Diese Spannung kommt iiber 
einen Umschalter und betitigt auch eine 
Signallampe im Wachter. Der isolierte 
Ausgangskreis schaltet 3 A Wechselstrom 
bei 200...250 V, und der zweite Kreis 
gibt 200...250 V 3 A Wechselstrom ab. 
Messgeratgenauigkeit entsprechend 
British Standard 89:1954. Die Steueremp- 
findlichkeit ist ungefahr 1%. 

Der Wéachter ist mit Transformator, 
Gleichrichter, Relais, usw. in einen 
Kasten eingebaut, jedoch kann das 
Messgeraét auch mit einem 2 m langen 
mehradrigen Kabel zum Kasten versehen 
werden. 

Wachter sind fiir Auftastung, Nieder- 
tastung oder kombinierte Auf- und 
Niedertastung lieferbar. 

Wenn nur ein Kontaktpunkt erforder- 
lich ist, kann die Empfindlichkeit durch 
externe Nebenschliisse oder Multipli- 
katoren geaindert werden. 

Die Schaltung ist so ausgelegt, dass bei 
Ausfall des Netzes, von Lichtquellen 
oder Relaiswicklungen das zugeordnete 
Relais in die nichterregte Stellung geht. 
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Measurin 
Works, 


Gleichstromversorgung 


Vertrieb: Aveley Electric Lid, Ayron Road, 
Aveley Industrial Estate, South Ockendon, Essex 


(Abbildung Seite 608) 

Aveley Electric Limited kiindigt die 
Einfiihrung eines neuen Stromversor- 
gungsgerates der Gossen Konstanter-Serie 
in England an. 

Das Gerat ist eine volltransistorisierte, 
hochkonstante Hochleistungs-Gleich- 
spannungsquelle fiir Betrieb am 40...60 
Hz Wechselstromnetz. Es hat einen kon- 
tinuierlich regelbaren Gleichspannungs- 
bereich von 5 V (12 A) bis zu 66 V 
(5,4 A). Die Anwarmezeit betrigt von 
Leerlauf bis Vollast 0.2 ms und die 
Restwelligkeit 1 mV. 

Das Gerat hat ausgezeichnete Kon- 
stanthaltungseigenschaften; ein  elek- 
tronisch gesteuerter, selbsttatiger 
Stromunterbrecher und thermischer 
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Oberlastungsschutz sind eingebaut. Die 
maximale Umgebungstemperatur ist bei 
Vollast +30°C. 

Der Konstanter ist fiir Gestelleinbau 
oder als Tischgerit lieferbar. 
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Spanngittertriode 
Mullard Lid, Mallard House, Torrington Place, 
London, W.C.1 


Eine neue, von Mullard eingefiihrte 
Spanngittertriode erméglicht die Kon- 
struktion einfacherer und billigerer HF- 
Verstarkerschaltungen in Fernsehtunern. 

Die neue Réhre PC97 kann anstelle 
der tiblichen Doppeltriode in Fernseh- 
HF-Verstaérkern benutzt werden, was 
durch die ausserordentlich niedrige 
Anoden-Gitterkapazitat von 0,5 pF 
erméglicht wird, die durch Einfiihrung 
einer geerdeten Abschirmung zwischen 
dem Gitterskelett und der Anode erzielt 
wird. 

Die Rauschzahl einer HF-Stufe mit 
der PC97 ist in derselben Gréssen- 
ordnung wie die einer Doppeltrioden- 
Kaskodestufe. Die Verstarkung ist etwas 
niedriger, aber hohe Verstirkung ist in 
Fernsehtunern nicht immer vorteilhaft, 
und es ist oft besser, die Empfindlichkeit 
der ZF im Empfanger zu erhéhen. 

Ein weiteres Merkmal der PC97 ist 
die Spezialanordnung der Kathoden- 
zufiihrungen und die Ausriistung mit 
zwei Kathodenstiften, die die Kathoden- 
zufiihrungsinduktion reduzieren und eine 
gute Eingangsdimpfung geben. 

Bei 11° mA Anodenstrom ist die 
Steilheit der R6hre 13 mA/V; Anderung 
der Vorspannung von —1 V zu —5 V 
reduziert die Steilheit 100: 1. 

Im _ eingesteckten Zustand sind die 
mechanischen Abmessungen der mit 
einem B7G-Sockel ausgeriisteten R6hre 
47,5 mm hoch und 19 mm Durchmesser. 
Der Heizer ist fiir 4.5 V 300 mA 
bemessen. 
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Vakuum-Bedampfungsanlage 


Vacuum Metallargical Developments Lid, 
Shelford, Cambridge 


(Abbildung Seite 609) 


Die neuste Ausfiihrung des 30,5 cm— 
Durchlauf - Vakuum - Metallbedampfers 
V.M.D. weist alteren Modellen gegeniiber 
viele Vorteile und Verbesserungen auf. 
Die Anlage ist in sich geschlossen und 
nach Anschluss der mechanischen Pumpe 
sowie Elektrizitét, Luft und Wasser 
betriebsfertig. 

Die Fahigkeit, Grundmaterialien ohne 
vorheriges Trocknen zu _ iiberziehen, 
wurde auf gewisse vegetabilische Per- 
gamenttypen und fast alle bekannten 
Kunststoffilme erweitert, die sofort in 
dem vom  ~Zulieferer empfangenen 
Zustand bedampft werden kénnen. Das 
ist eine besonders wertvolle Eigenschaft, 
da die Verfahrenskosten reduziert wer- 
den und keine merkliche Anderung in 
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der Qualitét des behandelten Werkstoffes 
auftritt. 

Der Werkstoff wird in Rollen von 
30,5 cm Duchmesser und 30,5 cm Breite 
in die Anlage eingebracht. Dann wird 
die Glocke abgedichtet und fiir ungefahr 
zwei Minuten evakuiert. Die Bahn lauft 
liber eine Dauerverdampfungsquelle und 
wird in der Hauptkammer der Anlage 
wieder aufgewickelt. In weniger als 
einer Minute nach Bedampfung wird 
Luft eingelassen, die behandelte Rolle 
entfernt und der Arbeitstakt wiederholt. 
Bedampfung von 7500 m/h kann bequem 
erzielt werden. Diese neuste Anlage 
wurde besonders fiir den Bedarf des 
Kondensatorensektors entwickelt. In 
einem einzigen Arbeitsgang kann der 
Kunststoffilm oder das Kondensator- 
papier mit Metall bedampft und mit 
Leerstellen versehen, dann geschlitzt und 
auf Spulen gewickelt werden, die fiir 
direkte Kondensatorwicklung  geeignet 
sind. 

Filmwiderstande in der Gréssenord- 
nung von 1,52. pro Quadrat sind durchaus 
erreichbar, und die berandete Bahn kann 
innerhalb einer Toleranz von +0,2 mm 
aufgewickelt werden. 
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Hochleistungs-MM-Klystron 
Eliott Litton Ltd, 34 Portland Place, London W.1 

Elliott Litton Ltd., eine Mitgliedsfirma 
der Elliott Automation Gruppe, kiindigt 
einen neuen  abstimmbaren  Hoch- 
leistungs-Klystron-Oszillator fiir das 
4 mm—Wellenband an. 

Dieses Klystron, Type 4TFK3, hat 
einen Abstimmbereich von ungefahr 
2 GHz. Es kann fiir Betrieb im 68 
80 GHz—Band geliefert werden und hat 
iiber das ganze Band eine Durch- 
schnittsleistung von 500 mW. 

Der fiir harmonischen Betrieb kon- 
struierte Klystron-Oszillator 4TFK3 
stiitzt sich auf das abstimmbare 10 W— 
Klystron 8TFK2 fiir das Q-Band; die 
erwartete Lebensdauer ist mindestens 
500 Stunden. Durch Wasserkiihlung der 
Schwingkammern und Benutzung des 
Prinzips der “schwebenden Driftréhre” 
fiir den Q-Band-Eingangshohlraum sind 
die Ausgangssignale ausserordentlich 
frei von thermischer Drift und Hysterese. 
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Datensortiergerit 


Ultra Electronics Ltd, Western Avenue, Acton, 
ondon, W.3 


(Abbildung Seite 609) 

Electronics Limited hat ein 
Datensortiergerat eingefiihrt, um die 
Anpassungsfahigkeit der hergestellten 
Datenverarbeitungsgerite zu erhdhen. 
Das Datensortiergerit Type UE875 
kann verschliisselte Informationsblécke 
von Lochstreifen, Magnetbandern oder 
Lochkarten auswahlen und _  jedem 


Ultra 
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beliebigen von bis zu zehn Ausgangs- 
kanadlen zufiihren. 

Fiir jeden Ausgangskanal stehen bis 
zu 64 Leitungen zur Verfiigung, d.h. 
geniigend, um _ eine  volle Schreib- 
maschinentastatur zu steuern. Die Aus- 
gangskanéle kénnen auch Registrier- 
maschinen mit Addierwerk, Lochstreifen- 
stanzen usw. betitigen. Eine einfache 
Anwendung der Eigenschaften dieses 
Gerates ist fiir eine zehnwegige 
Sortieranlage. 

Datenauswahl erfolgt mittels Sortier- 
zeichen, die zwischen die in das Geriat 
gespeisten aufeinanderfolgenden _ I[n- 
formationsblécke eingeschrieben werden. 
Bis zu 99 dieser Sortierzeichen stehen 
zur Verfiigung. Die fiir einen bestimmten 
Ausgangskanal erforderliche Information 
wird durch den entsprechenden Code- 
wahlschalter auf der Frontplatte aus- 
sortiert. Das Eingangssignal wird durch 
eine Matrix auf einer Einschub-Schalt- 
karte entschliisselt, deren Kombina- 
tionen fiir Anpassung an jeden beliebigen 
5-, 6-, 7- oder 8-Loch-Code ausgelegt 
sein kénnen. Als Eingangsleseképfe sind 
die meisten Lesekopftypen fiir Loch- 
streifen, Lochkarten und Magnetbander 
geeignet. 
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Drehspul-Messrelais 


Leland Instuments Ltd, 145 Grosvenor Road, 
Lendon, S.W.1 


(Abbildung Seite 609) 

Das neue “ Microtact”-Relais besteht 
aus einem sehr kleinen, abgeschirmten 
Drehspulgalvanometer, dessen auf stoss- 
dampfende Trager montierte Drehspule 
mit einem beweglichen Kontakt aus- 
geriistet ist, der an jedem Ende des 
iiberstrichenen Bogens mit Festkontakten 
in Beriihrung kommt. Der ganze Zusam- 
menbau ist in einem zylindrischen Metall- 
behalter auf einen  siebenstiftigen 
Miniaturréhrensockel montiert und her- 
metisch abgedichtet. Das _ vollstandige 
Relais ist 40 mm lang, hat einen Durch- 
messer von 20 mm und wiegt 31,75 g. 

Das neue Relais ist mit drei wahl- 
weisen Wicklungen lieferbar: 2,5 k®&, 
125 2 und 2,5 2, die eine Vollausschlags- 
empfindlichkeit von 50 “A, 250 #A und 
2.5 mA ergeben; in jedem Fall wird das 
Relais mit Nullpunkt in der Mitte oder 
in der itiblichen Minimum/Maximum- 
Anordnung angeboten. In der Minimum/ 
Maximum-Ausfiihrung liegt der beweg- 
liche Kontakt gegen den festen Mini- 
mum-Kontakt, wenn kein Strom durch 
die Drehspule fliesst. Bei der Mittennull- 
punktanordnung bleibt der bewegliche 
Kontakt in der Mittelstellung, wenn kein 
Strom fliesst, und sowohl Minimum- als 
auch Maximum-Festkontakt bleiben 
offen. 

Des hermetischen Verschlusses wegen 
miissen die einstellbaren Festkontakte 
wahrend der Fertigung  eingeregelt 
werden. Fiir das empfindlichste Modell 
Type 191 wird der Minimum-Kontakt 
auf einen Punkt eingestellt, der einem 
Strom von 5 #A entspricht. Bei diesem 
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und hdheren Strémen wird der beweg- 
liche Kontakt verschoben und der 
Minimum-Kontakt — geéffnet. Sowoh! 
Minimum- als auch Maximum-Kontakt 
bleiben dann offen, bis der Vollaus- 
schlagstrom von 50 #A erreicht ist. Fiir 
die Ausfiihrung mit Mittennullpunkt 
schliesst der bewegliche Kontakt die 
Minimum- und Maximum-Kontakte bei 
einem Strom von +25 wA. 

Fiir die beiden anderen Standard- 
modelle sind die entsprechenden Stréme 
25 und 250 w#A fiir Type 196 und 0,25 
und 2,5 mA fiir Type 164. 

Die oben angegebenen Werte sind die 
Standardstromanzeigen, auf die die Kon- 
takte in der Serienfertigung ecingestellt 
sind; jedoch kénnen die Kontakte fiir 
jedes Modell im Sonderauftrag auf jeden 
gewiinschten Wert innerhalb des 
Ausschlagsbereiches eingestellt werden. 
Trotzdem es unmédglich ist, die einstell- 
baren Kontakte nach dem hermetischen 
Verschliessen nachzustellen, kénnen die 
genauen Offnungs- und Schliessstréme 
durch Anschaltung eines geeigneten 
externen Potentiometers iiber einen 
weiten Bereich  elektrisch verandert 
werden. Ein solches Potentiometer kann 
fiir jedes Relais als Zusatz geliefert 
werden. 

Da das Relais tatsdichlich ein Miniatur- 
Drehspulinstrument ist, ist die Prazision, 
mit der es 6ffnet und schliesst. sehr 
hoch und zwar +1,5% des Vollaus- 
schlagstroms. 

Die Ansprechzeit des “ Microtact” 
hangt vom Modell und der Einstellung 
der Kontakte ab und liegt zwischen 0.1 
und 0,5 s. 

Die Kontakte sind fiir 30 mW Lei- 
stung bei einer Héchstspannung von 20 V 
Gleich- oder Wechselstrom bemessen. 
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Klystron-Stromversorgung 
Decea Radar Lid, Decca House, Albert 


Embankment, London, S.E.11 
(Abbildung Seite 610) , 

Dieses vielseitige Gerit dient als 
stabilisierte Stromversorgung fiir die 
Mehrzahli der Klystrons fiir kleine Lei- 
stung. Die unabhdngigen Ausgangsspan- 
nungen werden getrennt tiberwacht und 
sind iiber den gesamten Bereich stufenlos 
regelbar. Drei grosse Messgeriite mit 
klarer Zweifacheichung sind jeweils mit 
einer Drucktaste ausgeriistet, so dass 
sechs Versorgungspunkte  kontrolliert 
werden kénnen. In der Standardaus- 
fiihrung wird normalerweise Resonator- 
(Strahl-) Spannung, Resonatorstrom und 
Refiektorspannung angezeigt und durch 
Betatigung der Drucktaste jede beliebige 
Kombination der folgenden gewihit: 
Heizspannung, Heizstrom und Gitter- 
spannung. 

Um zufallige Beschadigung der Réhre 
zu verhindern und gleichzeitig dic 
Einstellung der richtigen Spannungs- 
bereiche zu gewihrleisten, sind doppelte 
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Auflaufkontakte fiir Einstellung der 
Heiz-, Resonator-, Refiektor- und 
Gitterspannungsregler vorgesehen. 

Ein cingebauter Generator liefert 
Rechteckwellen- und Sidgezahnmodula- 
tion mit automatischer Gleichspannungs- 
Wiederherstellung. Die Modulation wird 
der Reficktorelektrode zugefiihrt, die 
auch tiber eine Buchse auf der Front- 
platte an eine externe Modulationsquelle 
gelegt werden kann. Mittels  ciner 
zusdtzlichen Buchse kann die interne 
Modulation iiberwacht oder ein Trigger- 
impuls zur Synchronisierung anderer 
Gerite abgenommen werden. 

Zur Gewiéihrleistung langer Lebens- 
dauer und Zuverliassigkeit unter allen 
Betriebsbedingungen sind die Bauele- 
mente reichlich bemessen. Eine einge- 
baute Schutzschaltung mit thermischem 
Verzégerungsschalter verhindert das 
Anlegen der Refiektorspannung, bis der 
Heizfaden eine ausreichende Temperatur 
erreicht hat. . 

Da verschiedene Klystrons Luftkih- 
lung bendétigen, ist ein parallel zum 
Netzeingang liegender Anschluss vor- 
gesehen. 
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NF-Umsetzer 
Racal Engineering Ltd, Bracknell, Berkshire 
(Abbildung Seite 610) 


Zur Erweiterung des  Frequenz- 


bereiches ihres KW-Verkehrsempfangers 
RA.17 stellt Racal nunmehr einen NF- 


Umsetzer RA.137 her, der mit dem 
RA.17 zusammen Durchstimmen iiber 
den Frequenzbereich von 10 kHz... 
30 MHz erméglicht. 

Mit diesem Zusatz ist der RA.17 fir 
Verwendung als _ Schiffsverkehrsemp- 
fanger, Peilgerat und Fernbildschriftemp- 
fanger geeignet. 

Der RA.137 ist zur Bekimpfung von 
Kreuzmodulation, Blockierung und 
Intermodulationseffekten, besonders von 
Hochleistungs-Mittelwellensendern, die 
fir den NF-Empfang eine Haupt- 
schwierigkeit darstellen, durchgebildet. 

Eine klar sichtbare Trommelskala mit 
Feineinstellung erleichtert genaues 
Abstimmen, waihrend die Doppel- 
abstimmung des Antennenkreises und ein 
Tiefpass besonderer Konstruktion 
Stérungen durch Rundfunksender aus- 
schliessen. 

Der Umsetzer kann wihrend Benut- 
zung im KW-Betrieb ohne Leistungs- 
verminderung dauernd angeschlossen 
bleiben. Auf der Frontplatte des 
Umsetzers ist ein Schalter mit Anzeige- 
vorrichtung fiir die Umschaltung vorge- 
sehen. 

Der RA.137 hat eine Frontplatte fiir 
19 Zoll—Gestelleinbau, die 89 mm hoch 
ist und mit dem RA.17 in ein Gehiuse 
eingebaut werden kann. Eine nordameri- 
kanischen Gebriuchen  entsprechende 
Ausfiihrung ist auch lieferbar. 
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Stundenzahler 
Measuring Instruments (Pullin) Ltd, Electrin 
Works, Winchester Street, Acton, London, W.3 
(Abbildung Seite 610) 

Dieser synchrone Stundenzahler ist 
zum Messen der Lebensdauer elektrischer 
Gerite, der Lebensdauer vor dem Ersatz 
von Elektronenréhren, zur Planung des 
Uberholens von Betriebsmaschinen sowie 
fir Lebensdauerversuche an Prototypen 
im Labor dusserst niitzlich. 

Der synchrone Stundenzahler ist mit 
einem  selbstlaufenden Synchronmotor 
ausgeriistet, so dass die Anzeige immer 
richtig ist, selbst wenn die Dauer der 
Einschaltungen sehr kurz ist. Der Zahler 
ist mit zwei 30 cm-Anschlussleitungen 
versehen und wird parallel zu den Netz- 
verbindungen des Geriites geschaltet, 
dessen Betricbsdauer gemessen werden 
soll. 

Die Anzeige des Zahlers beginnt mit 
1/10h und geht bis zu 99 999,9 hh, wobei 
6 Zifferntrommeln benutzt werden und 
die sechste Trommel Zeitintervalle von 
1/10h angibt. Die Zahler sind fir 
100/125 V oder 200/250 V und entweder 
50 oder 60 Hz lieferbar. Der Stromver- 
brauch fiir das 200/250 V 50 Hz Gerat ist 
ungefahr 10mA. 
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Kunststoffkitt 


Cable Covers Ltd, ~ of House, London, 


“Talurit”-Kunststoffkitt ist ein neues 
Material, das sich leicht verformen ldsst 
und danach steinhart abbindet. Es ist 
ein guter elektrischer Isolator und kann 
mit Maschinen bearbeitet, gebohrt sowie 
mit Innen-und Aussengewinde versehen 
werden. 

Der neue Kunststoffkitt hat zwei 
Bestandteile: ein Harz und ein Hirte- 
mittel. Griindliches Durchmischen dieser 
zwei Materialien, z.B. in den Handen, 
ergibt einen leicht verformbaren Kitt, 
der iiberall anhaftet. Je nach Raum- 
temperatur hirtet er innerhalb 14 bis 18 
Stunden selbsttétig aus. Die Abmes- 
sungen bleiben’ konstant, und das 
Material erreicht gleichzeitig betracht- 
liche Harte und Festigkeit, hohe Iso- 
lationsgiite und ausserordentlichen 
Widerstand gegen Ol, Spiritus und 
Wasser. Unabhangige Priifberichte 
geben fiir eine Anzahl reprasentativer 
Muster folgende Werte: 
Druckfestigkeit (absolut) 
Zugfestigkeit (absolut) 49 kg/cm? 
Durchschlagsfestigkeit 10 kV/mm 
Widerstand zwischen elektrischen 

Leitungen und Bewehrung 37 300 M2 
Widerstand zwischen elektrischen 

Leitungen und Wasser 27850 2 
Wasseraufnahme 2.7% 

Zu den elektrischen 
zwecken von “Talurit” gehéren Posi- 
tionieren und Befestigen von Verklei- 
dungen, Isolieren und Abdichten von 
Klemmen, Leitungen und Kabelend- 
stiicken. 


773 kg/cm? 


EE 37 771 fiir weitere Einzelheiten 


626 


Verwendungs * 


Subminiatur-Zener-Dioden 


Iaternational Rectifier Co. (Great Britain) Ltd, 
Harst Green, Oxted, Surrey 


(Abbildung Seite 611) 

Zener-Subminiatur-Glasdioden mit 
ausserst grossem Spannungsbereich 
(3,3...27 V) und 250 mW Verlustleistung 
fiir gedruckte Schaltungen und andere 
Zwecke, fiir die Miniaturisierung von 
grosster Bedeutung ist, kénnen jetzt von 
International Rectifier Company (Great 
Britain) Ltd. bezogen werden. Diese 
neue Serie hat hohe Stabilitéat und aus- 
gezeichnete Spannungsregelung. 

Die Roéhren haben die Typenbezeich- 
nungen QZ 3.3 bis Q 227, sind mit 5% 
oder 10% Spannungstoleranz lieferbar 
und werden durch Zusatz von T10 oder 
TS zur Typennummer gekennzeichnet. 
Der Maximum-Zener-Impedanzbereich 
ist von 5...702. Die neuen Rdéhren 
werden in der Fertigung fiir ausgepragte 
Zener-Kennlinien ausgesucht. 

Die Abmessungen ohne Anschliisse 
sind 6,73 x 2,8 mm, und fiir erhéhte 
Festigkeit und Betriebssichereit sind 
hermetische Glas-Metall-Verschmel- 
zungen vorgesehen. 
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Koaxiale Verbindungen 


Alence Lid, Beacon Works, Hargrave Road, 
Maidenhead, Berkshire 


(Abbildung Seite 611) 

Kay and Company (Engineers) Ltd. in 
Bolton, eine Mitgliedsfirma der Alenco- 
Gruppe, hat vor kurzem unter dem 
Namen “Konaxal” eine neue Zubehér- 
type herausgebracht; sie ist fiir die Ver- 
bindung im Drahtfernsehen benutzter 
koaxialer Kabel bestimmt und wurde 
fiir die General Piped Television Limited 
in Neath, Glamorgan, entwickelt. 

Des “Konaxal”-Programm besteht aus 
volistandigen Verbindungsdosen und den 
Verbindungen selbst. Da sie aus Bronze 
mit 85% Kupfer hergestellt werden, 
stellen sie dusserst gute Leiter dar. Sie 
sind wasserdicht und _ korrosionsfest, 
daher also fiir Aussenmontage geeignet. 
Bisher wurden diese Zubehdrteile in drei 
Haupttypen hergestellt und zwar zwei-, 
drei- und vierwegig. In jedem der Bau- 
muster kann nach Wunsch des Kunden 
jede beliebige Kombination von Kabel- 
abmessungen untergebracht werden. 
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Wassergekiihiter Absorber 
Telefunken GmbH, Berlin-Charilottenburg 1 
(Abbildung Seite 611) 


Dieser wassergekiihlte Absorber ist fiir 
Aufnahme der Ausgangsleistung eines 
150 kW-Senders wahrend Test und 
Abstimmung bestimmt. Ausserdem kann 
er fiir kalometrische Messungen der 
Senderleistung benutzt werden. 

Die an den Absorber angelegte Lei- 
stung wird in einem 60 {-Kohleschicht- 
widerstand zerstreut, der von Wasser 
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umgeben ist und dessen Temperatur 
60°C nicht iibersteigt. 

Ein Wasserdurchflussmesser und ein 
Wasserdurchflussregler gewahrleisten 
gleichférmiges Entzichen der Warme. 

Das gesamte Gerat  einschliesslich 
Wasseranschliissen und Messgeraten ist 
in ein schlankes Gehduse eingebaut, das 
selbst in raumengen Stationen unter- 
gebracht werden kann. Die fast 120 Liter 
Wasser, die pro Minute durchfliessen, 
k6nnen in den Sendernachkihler geleitet 
werden. 
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Zeitsteuergeriit 
Richard Allan Radio Ltd, Taylor Street, 
Batley, Yorkshire 


(Abbildung Seite 611) 

Das Richard Allan Zeitsteuergerat 
wurde fiir eine genaue, jedoch preis- 
giinstige Methode zur Zeitsteuerung 
industrieller Verfahren entwickelt. 
Gedruckte Schaltungen und eine Kalt- 


kathoden-Triggerréhre gewihrleisten 
Langlebensdauer und Betriebssicherheit. 
Es ist in einem Aluminiumgussgehduse 
von 178 x 114,55 xX 89 mm _ unter- 
gebracht und durch eine Gummidichtung 
gegen Eindringen von Staub und Feuch- 
tigkeit geschiitzt. Zwei 19 mm—Rohrein- 
fihrungen sind vorgesehen und fiir 
Kabeleinfiihrung mit dichtschliessenden 
Gummiringen ausgeriistet. 


Das Zeitsteuergerét ist auf die 
Aluminiumgussdeckplatte montiert und 
kann daher aus dem Gehiuse entfernt 
und in die Anlage des Kunden eingebaut 
werden. Das Gehause wird dann hinter 
der Frontplatte als Staubhaube ange- 
bracht. 


Die Grundtype hat einen Steuerbereich 
von 1...55 s und kann mittels eines in 
Sekunden geeichten Bedienungselementes 
iiber den ganzen Bereich kontinuierlich 
geregelt werden. Andere Bereiche sind 
von 0,1 s bis zu 300 s lieferbar. Die 
Wiederholgenauigkeit des Gerites ist 
+1%; die Einstellgenauigkeit Andert 


sich tiber einen Netzwechselspannungs- 
bereich von 200...250 V nicht mehr als 
5%. 

Die Steuerperiode wird durch 
Schliessen externer Triggerkontakte 
eingeleitet, wofiir eine Impulsdauer von 
40 ms ausreicht. Wahrend der Steuer- 
periode ist ein fiir 250 V 5 A bemessenes 
Kontaktpaar entweder geschlossen oder 
offen. Fir sich wiederholende 
Steverungsvorginge werden die Trigger- 
kontakte kurzgeschlossen, und das Gerit 
wiederholt die Zeitperiode mit einer 
Erholungszeit von 40 ms. 

Das Zeitsteuergeraét entspricht dem 
Prinzip, nach dem Unterbrechung der 
Stromversorgung oder Ausfall eines 
Bauelementes den  Verbraucherkreis 
unterbricht; die Kontakte werden nicht 
wieder geschlossen, bis ein anderer 
Arbeitstakt extern eingeleitet wird. Pir 
komplexe Zeitsteuerungen kénnen zwei 
oder mehr Gerite hintereinanderge- 
schaltet werden. 
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Zusammenfassung 


der wichtigsten Beitrage 


Fourier-Transformations-Generator 


von W. K. E. Geddes und G. F. Newell 


Ein elektronisches Gerdt wird beschrieben, das, an einen geeigneten Oszillografen gekoppelt, die 


Zusammenfassung des 
Beitrages auf Seite 556-561 


Sinus- oder Kosinus-Transformation jeder beliebigen Funktion gibt, die sich mindestens ndherungsweise 
durch nicht mehr als 41 in gleichen Abstdnden der Variablen liegenden Ordinaten darstellen lasst. 
Eine weitere Einschrankung ist, dass die Ordinaten so angeordnet sein miissen, dass nicht mehr als 


20 auf jeder Seite des Bezugs- oder Nullpunktes der Variablen liegen. 


Eine schnelle numerische Lesevorrichtung 


in ein Spezial-Kunststoffschaumband eingeschrieben wurden. 
durchstrahlung des Bandes ungefahr 30 fach, und das Erkennen erfolgt mittels einer zweidimensionalen 
Anordnung von Sonnenzellen. Zur Zeit ist die Lesegeschwindigkeit auf 150 Zeichen pro Sekunde 
beschradnkt, trotzdem das System mehrere tausend Zeichen pro Sekunde lesen kann. Durch weit- 


Zusammenfassung des 
Beitrages auf Seite 562-565 


von G. Fougere, J. Preston und R. Farnsworth 
Diese Maschine hat die Aufgabe, Gruppen von drei Dezimalziffern auszulesen, die durch Aufschlag 


Das Einschreiben erhéht die Licht- 


gehende Ausschaltung iiberfliissiger Information kann die Fehlerrate unter 0,01 % gehalten werden, 
wobei gleichzeitig Einschreibequalitaten innerhalb eines weiten Bereiches akzeptiert werden kdénnen. 


Kerngréssenbestimmung in der Berechnung von Impulstransformatoren 


von C, F, Wilds 


Dieser Beitrag befasst sich mit Impulstransformatoren, die fiir Rechteckimpuls-Eingang ausgelegt 
sind und ein hohes oder mittelmdssig hohes Wicklungsverhdltnis haben. 

Es wird gezeigt, dass eine Berechnungstafel aufgestellt werden kann, der die Werte fiir die zur 
Erzielung der vorgegebenen Ausgangsimpulsform erforderliche Primdrinduktion, Streuung und 


Zusammenfassung des 
Beitrages auf Seite 566-573 


verteilte Kapazitat entnommen werden kénnen. 
Die der Berechnungstafel entnommenen Daten werden zusammen mit den entsprechenden Angaben 


fiir den Kernwerkstoff und die Spulenform in allgemeinen Ausdriicken eingesetzt, und es wird gezeigt, 
dass Gleichungen zur Berechnung der Querschnittflache und magnetischen Weglinge abgeleitet 
werden kdénnen. 


Die Durchfiihrung der Berechnung wird an Hand eines Beispiels erldutert. 
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Vervolikommnung elektronischer Musikgeneratoren von Alan Douglas 
Konstruktionseinzelheiten einer einfachen elektronischen Orgel sind in dieser Zeitschrift (1955) 
Zusammenfassung des und auch in Buchform veréffentlicht worden. Im vorliegenden Beitrag werden Angaben gemacht, 
Beitrages auf Seite 574-577 die das Spielen von Akkorden auf dem oberen Manual ermdglichen. Auch fiir einen Transistor- 
Generator werden Einzelheiten gegeben. 


Einige Messungen an einer Ubertragungsleitungs-Ringgabel fiir den Frequenzbereich 20 . . . 30 MHz von A. J. Hymans 

Eine Ringgabel fiir Duplexsysteme fiir Verwendung in FM/CW-Radarsystemen wurde entwickelt und 

Zusammenfassung des gebaut. Der Beitrag beschreibt die Konstruktion einiger erforderlicher Zubehdrteile wie z.B. einer 

Beitrages auf Seite 578-58! angepassten Last, die bis zu 2 kW zerstreuen kann. Die angewandten Messverfahren werden be- 
schrieben. Die Resultate zeigen, dass ausreichende Isolation, Ubertragung und Bandbreite erzielt 
werden. 


Ein 100 Hz—Zahler zum Messen kurzer Zeitintervalle von P. G. M. Dawe 
Das beschriebene einfache Zeitmessgeradt zahlt mit einer Frequenz von 100 Hz positive Impulse, 
die vom normalen Wechselstromnetz abgeleitet sind. Die Impulse werden von der Netzwellenform 
Zusammenfassung des : . < “2 - ~ , . ; : we 
Beitrages auf Seite 582-584 mittels zweier Einweggleichrichter, eines Zener- Diodenpaares und differenzierender Netzwer e 
erzeugt, dann verstarkt und einer aus drei Dekadenzdhlréhren Z302C bestehenden Anzeige zugefiihrt, 
so dass sich eine dreistellige Zahlung ergibt. 


Lichtgesteuerte Ferntastung eines Hochspannungspunktes von F. E. Taylor 
Eines der Systeme zur Steuerung eines Gerdtes mit hohem Gleichspannungspegel benutzt die 
Zusommenfessung des Umwandlung elektrischer Impulse in Lichtimpulse und umgekehrt. Die Anlage besteht hauptsdachlich 
Beitrages ouf Seite 504.585 aus einem stroboskopischen Strahler und einer empfindlichen Fotozelle. Besonders erldutert wird 
die Verwendung fiir einen Kernbeschleuniger; andere Verwendungsmdglichkeiten werden auch 
beschrieben. 


Ein Hochleistungswechselrichter mit sinusférmigem Ausgang von G. Salters 
Der Beitrag beschreibt einen Versuch, unter Verwendung von Festkérpern als Schaltelemente 
Leistungswechselrichtung zu erreichen. - Als Schaltelement findet der gesteuerte Silizium-Gleich- 
richter Verwendung. 
Eine anndhernd sinusformige Ausgangswellenform wird kiinstlich aus sechs senkrechten Segmenten 
Zusommenfossung des erzeugt, die durch folgerichtiges Schalten von sechs, an Sekunddrwicklungen eines Transformators 
Beitroges auf Seite 586-591 liegenden, gesteuerten Silizium-Gleichrichtern entstehen. | Abwechselndes Schalten zweier, im 
Primdarkreis des Transformators liegender, gesteuerter Silizium-Gleichrichter schafft die Méglichkeit, 
die an den Sekundarwicklungen des Transformators liegenden gesteuerten Gleichrichter automatisch 
abzuschalten. 
Eine beschriebene einphasige Anordnung mit 400 Hz—Ausgang gibt ungefahr 1 k W in eine ohmsche 
Last ab. Eine Methode fiir Dreiphasenbetrieb wird auch angedeutet. 


Festkérper-Gleichspannungsverstirker mit erdfreiem Eingang und geringer Drift von I. C. Hutcheon und D. Summers 
Der beschriebene Festkérper-Gleichspannungsverstarker mit Zerhacker hat Eingangs-, Ausgangs- 
und Stromversorgungsklemmen, die elektrisch gegeneinander und gegen das Chassis isoliert sind. 
Er unterdriickt gleichlaufende Eingangsstérsignale bis zu 300 V Gleich- oder Wechselspannung; 
der Ausgang kann geerdet oder innerhalb derselben Grenzen auf jeder gewiinschten Spannung 
gehalten werden. 
Zur Isolation des Eingangs vom Ausgang ist eine magnetische Endstufe vorgesehen, die 0... 10 mA 
Gleichstrom in jeden beliebigen Abschlusswiderstand von 0... 2 kQ abgibt und eine Verstarkung 
Zusemmenfossung des von 1 +0,1% hat. Diese Stufe kann umgangen werden, wenn keine Isolation erforderlich ist, wodurch 
Beitrages auf Seite 592-596 die Gesamtgenauigkeit entsprechend héher wird. Die Verstarkung aller vorhergehenden Stufen kann 
durch Gesamtgleichspannungsgegenkopplung innerhalb +0,05% oder fiir jeden gewiinschten Wert 
bis zu 10 mA/yA und 10 mA/mV besser konstant gehalten werden. Nichtlineare Kreise kénnen in 
die Gegenkopplungsschleife eingeschaltet werden. 
Ein temperaturgeregelter Silizium-Transistor-Zerhacker mit einer Betriebsfrequenz von 200 Hz 
halt die Nulldrift unter +10 »V und ungefahr +2 nA fiir Umgebungstemperaturen von 0... 50°C. 
Spannungs- oder Frequenzschwankungen innerhalb der folgenden Grenzen haben nur einen geringfiigigen 
Einfluss auf die Leistung; 180... 270 V oder 90... 135 V,40...60 Hz und 18... 30 V Gleich- 
spannung. 


Ein preisgiinstiger umkehrbarer Dekadenzihler von I. Scollar 

Ein umkehrbarer Dekadenzdahler fiir aufeinanderfolgende Subtraktion, der nur 8 Transistoren, 30 
Dioden und RC-Schaltungen benutzt, wird beschrieben. Der Zahler kann Impulse bis zu 150 kHz 
mit Umkehr bei einer Taktfrequenz von 50 kHz verarbeiten. Zdahlen erfolgt nach dem 1242- 
Zusammenfassung des Ergdnzungscode, und die Umkehrung wird mit Hilfe von Diodenwiderstanden und Toren zwischen 
Beitrages auf Seite 597-599 Stufen erzielt. Die Riickfiihrung der Dekadenzdhlung erfolgt in beiden Richtungen ohne gegenseitige 
Einwirkung und erfordert keine Umschaltung. Die massgebenden Rindren haben eine selbststeuernde, 
nur aus Dioden bestehende Eingangsschaltung, die hdhere Zahlgeschwindigkeiten erlaubt als 

Widerstand- Dioden-Torschaltungen. 


Ein unsymmetrischer Differenzverstirker von R. C. Marshall 
Der Differenzverstarker oder “long-tailed pair” ist als Phasenteiler, Differenzverstarker oder 
Zusammenfassung des Gleichspannungsverstarker mit niedriger Drift niitzlich. In diesem Beitrag wird die Schaltung zur 
Beitrages auf Seite 600-60! Aufzeigung ihres Verhaltens analysiert und ein Beispiel fiir die Berechung einer unsymmetrischen 
Stufe gegeben. 
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This recording is typical of line voltage conditions in an industrial 
establishment where voitage variation is a problem. 


i 


t 


FLUCTUATING VOLTAGE 


becomes constant with 


VOLSTA 


A VOLSTAT is the answer to many 
voltage fluctuation problems. 

In most cases, a standard type is 
all that is required—but there are 
occasions when a special design 
may be necessary. Either way, 

an ‘Advance’ Technical 
Representative will be pleased to 
investigate your own particular 
problems, and recommend a 
VOLSTAT best suited to your needs. 
VOLSTAT stands for a complete 
range of Constant Voltage 
Transformers produced by 
‘Advance’— the leading authority 
on voltage stabilization. 

Full details in Folder D63 
available on request. 








{7 
i Ai COMPONENTS LIMITED 


MAINS STABILIZATION DIVISION 
ROEBUCK ROAD - HAINAULT - ILFORD - ESSEX - HAINAULT 4444 
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200 11 X 


HIGH-STABILITY 


WER SUPPLIES 


—and now 10 amp sub-units 





With a stability ratio better than 1,000:1 for + 7% mains variation and less than 
2 mV peak-peak ripple, this BELIX transistor sub-unit range is one which 
combines an excellent electrical specification with first-class, rugged 
mechanical construction. 


Both continuously variable and preset output types are 
available, with voltage ranges 0-6, 6-12, 12-20, 16-24 

and 20-30 V. Illustrated is a typical 10A sub-unit, 
which can be supplied preset to any voltage in 











the above ranges and which incorporates a 
+ 0.5 V fine output adjuster. 


Enquiries for units to be loaded up 
to 30A can also be entertained. 


WRITE NOW 
FOR FULL DETAILS 


THE BELIX COMPANY LIMITED 
aii ae 47 VICTORIA ROAD: SURBITON - SURREY 
) = l X telephone : ELMbridge 9118 











ELECTRONIC ENGINEERING SEPTEMBER 1961 


EE 37 136 for further details 





Minimum power consumption... . 


Minimum maintenance... . 


Transistorised FMVFT 


TYPE CT 24A 


FOR THE PROVISION OF TELEPRINTER OR DATA TRANSMISSION CIRCUITS 








* CCITT standards of performance 
* 24 channels per rackside 
+ 80 VOLT * 50 baud nominal, with operation up to 80 bauds 
* Plug-in units 
* Optional in-built test equipment comprising :— 
— 80 VOLT a) Telegraph test set 
b) Level measuring set 
| | c) Frequency check unit 
POWER * Completely self contained with all power supplies 
SUPPLIES * Pilot facility 300 c/s or 3300 c/s 
| | 24 frequency modulated channels are provided in the nominal frequency band 
420-3180 c/s with 120 c/s separation between adjacent channels. These are 
built up from 4 sub-groups of 6 channels each in the frequency band 1140-1740c/s. 
GROUP BLOCK Compactly assembled plug-in units use printed circuit wiring boards with 
small encapsulated filter and transformer units. Equipment is protected by 
bay covers, but test equipment and jackfields are directly accessible at centre 


PILOT PANEL of rack. 


SPARE Bearer Band 300-3400 c/s 
Deviation + 30 c/s from mid frequency 

Send level range -15 to -35 dBm 
Receive level range -15 to -35 dBm 
TEST EQUIPT. DC lines Send 20mA double current. 
Receive up to 100 mA. 
Balanced loop and neutral loop conditions on 
request. 
JACK & RELAY PANEL Temperature compensated + 5°C to + 55°C 

CHANNELS 1|-6 Power supplies 100-120v or 200-240v AC 

(Battery operation through an inverter as optional 


JACK & RELAY PANEL extra). 
CHANNELS 7-12 



































Details of the latest AE/ Carrier Telephone and Telegraph Equipment supplied on request 
JACK & RELAY PANEL 
CHANNELS 13-18 





JACK & RELAY PANEL 
CHANNELS 19-24 





SEND/RECEIVE UNITS 
CHANNELS 1-6 





SEND/RECEIVE UNITS 
CHANNELS 7-12 





Jack and Relay Panel 
SEND/RECEIVE UNITS 

CHANNELS 13-18 

Receive Unit 
and Send Unit 





SEND/RECEIVE UNITS 
CHANNELS 19-24 





DISTN. & ALARMS 


Associated Electrical industries Ltd 
Telecommunications Division, Transmission Department 
Woolwich, London S.E.18, England Cables: Sieswan London 





ro sie 
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the Nagard 

wide range pulse generator 
fast rise time, 

accurate pulse shape, 
reliable calibration 

and wide range 

of pulse dimensions 

make this an invaluable 
standard test instrument. 


THINGS YOU OUGHT TO KNOW ABOUT 
THE NAGARD PULSE GENERATOR 
Camprehensive external triggering arrangements and 
a single pulse facility are provided 
Constant impedance attenuator provides the range of 
output voltages from 20mV to 2V. Higher voltages (up to 
50K) obtained by switching loads. 
Forced draught ventilation contributes to the 
proven reliability of the instrument. 
All high voltage supplies are electronically regulated for 
stability of operation and compactness—weight only 42lb. 
The short pulse version 5002A giving pulse widths 
0.1 «sec to 1 sec is now standard. The longer pulse 

version 0 2 psec to 2 sec being available to special order. 


Your Laboratory 


is not 
complete 


without it... 


A ap sec 

& DVOU'S +re OF ~ve 

C_ RISETIME 0-025, SEC 

£ |} Oawsec TO 2560 CONTINUOUSLY VARMBLE * 5% * O-Cayser 

F 2OeW TO SOV t Ze WN STEPS VARIABLE + ve OR ~ ve 

G APPROX O CapSE 

4 RISETIME IO-12ey SEC 20mv TO 2 5 SOV DEPENDENT ON LOAD 
REPETITION RATE CONTINUOUSLY VARIABLE ©} c/s TO IM c/s? S% BY INTERNAL GEMERATOR, 

OR TO 25Mc/s Br ExXThana TRIGGER RCE 


Some of the applications are: 
Setting up—Attenuators and Amplifiers 
Delay Lines 
Calibrating Oscilloscopes 
Analogue and Digital Computers 
Measurement of—Response Times 
Paralysis of Amplifiers 
Time Intervals 
Amplitude Comparisons 


AS AN ORIGINATOR OF ACCURATE PULSES 
for modulation, simulation, and testing of various 
pulse driven devices it is unequalled 


THE INTERNAL RATE GENERATOR 

provides consistently accurate frequencies Over a range 
of 0-1 c/s to 1 Mc/s or to 2 Mc/s when set to 

double pulse operation. 


THE OUTPUT AMPLITUDES 
are accurate within 2% and may be easily calibrated to 
better accuracies for specific tests. 


THERE ARE TWO MODELS:— 
rYPE 3002 — Pulse width range 0-2 usec to 2 secs. 
TYPE 5002A Pulse width range 0-1 psec to 1 sec. 


IMMEDIATE DELIVERY — NOW AVAILABLE EX STOCK 


DATA SHEET No. 1060 GIVES FULL DETAILS 


NAGARD LIMITED - 18 AVENUE ROAD - BELMONT - SURREY - Telephone : VIGILANT 9161-2-3 
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VEROBOARD is the universal wiring board 
that combines all merits of the printed 
circuit technique — without the expense! 
Simplicity, speed, cheapness, and relia- 
bility are the direct results of the veRo- 
BOARD principle: standard pitching of 
standard-size holes on a resin-bonded 
laminate board backed by bonded copper 
continuity strips. 

The following assembly aids and acces- 
sories are offered to speed and simplify 
the assembly of VEROBOARD Circuits even 
further; and to provide even better 
service in use. 


Numeral tape (self-adhesive) for fast, accurate reference 
to positions on VEROBOARD. 1-90 for 18” boards and 
1-30 for boards up to 6”. Part Nos. VB 3021 and VB 3022 
Component Jig for bending wire terminations accurately 
to fit VEROBOARD matrix. Part No. VB 3031 

Plastic Handles for plug-in vEROBOARD card circuits. 
Part Nos. VB3051 (black) and VB 3052 (red) 

Jumper Links of tinned copper wire for cross connections 
between bonded copper backing strips On VEROBOARD. 
Part Nos. VB3061 (0-2”) and VB 3062 (0-4”) 
Semiconductor Holders for mounting transistors, etc. 
with plug-in contacts on 0-2” matrix. Part No. VB2011 
and VB2012 

Valveholder Templates for drilling holes at correct pitch 
and location on VEROBOARD. Part Nos. VB 3041, VB 3042 
and VB 3043 
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Fast, simple, low-cost circuit assembly 


Extruded Edging in light alloy for strengthening vEero- 
BOARD panels. Part No. VB3091 


Plug-in Panels: 4-8” « 5-8” vEROBOARD, gold-plated at 
one end for use with edge connectors. Part No. VB 2001 


Spotface Cutter to make a clean separation where neces- 
sary in copper backing strip. Part No. VB3011 


Design Sheets on high quality tracing paper for designing 
circuits ON VEROBOARD and for producing workshop 
prints. Part Nos. VB3071 (18°) and VB3072 (6”) 


Varicon Connectors which can be used as single point 
contacts or in rows to form connections between 
VEROBOARDS. Available in strips of 20. Part No. VB 3081 
(in line and VB 3082 (right angle). 





Notching Tool for Extruded Edging to enable it to be mitred 


Slotting die set. 


cr 
Oar 


accessories. 
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for making corners and for slotting to take VEROBOARD panels. 
Part Nos. VB3101 Press, VB3102 Mitre die set, VB 3103 


VEROBOARD Kit contains supply of veRoOBOARD and 








is a product of VERO Electronics Ltd., South Mill Road, Southampton. 


71061/4 
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RELIABILITY THROUGH ELECTRONICS 
sac conve equipment with 

STATIC 
CONTROL 
EQUIPMENT 


merennet 


nt 


& 
“of 


SRE 


The GEC static control system provides automatic control 

of any number of operations in which the basic requirement is 
the operation of electrically motivated hydraulic and 

pneumatic valves and other similar devices in a pre-determined 
sequence. The control system consists of interconnected 

sets of several types of standard units, 

the complete equipment controlling the order in which cycles 


of operations are carried out. 


The entire system is housed in a cabinet, with terminal 
blocks for easy connection to the equipment to be controlled. 
The control panel, with start switch, 

cycle-selector switch, manual controls and indicator lamps, 


can be incorporated in the cabinet or fitted remotely. 


The inherent reliability of the control system is largely due 
to the almost complete elimination of moving parts. Faults 
can be traced immediately, and, as units are interchangeable, 


only a small number of spares need be carried. 


ELECTRONICS FOR INDUSTRY 


Please write for full information 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND .- Electronics Division - Lower Ford Street - Coventry - England 
Smee’s 83 
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The excellent electromagnetic properties of 


jsaubacsicremmm AND REFINED MAGNETIC IRONS 


These special irons are suitable for 
a wide range of applications in 
electrical and electronic equipment. 
After rough machining, followed by 
annealing treatment, toroidal ring 
testing results exceeding the minima 
shown on the table, can be expected. 


ELECTROMAGNETIC CURVE 





KILOGAUSS 








40 50 60 70 & 
OERSTEDS 


PROF ae 


FIELD STRENGTH (H) FLUX DENSITY (B) 
Ampere Turns/cm Oersteds 


355 4°40 
6°0 7°54 
10°0 12°57 
20°0 25°13 
50°0 62°83 
80-0 100°53 


REMANENCE 





| 
































MIDLAND AND LOWMOOR IRON & STEEL CO. LTD. 


Rotherham. Telephone: Rotherham 4211/2/3 
MI 16 
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OXYGEN REMOVAL ana MEASUREMENT 


DEOXO CATALYTIC GAS 
PURIFICATION PROCESS 


The model ‘D’ Deoxo Purifier, which operates at room 
temperature, provides for the removal of oxygen or 
hydrogen from other gases such as argon, helium, 
nitrogen, etc., with a remaining impurity of less than 
1 ppm. These. Purifiers are available in a number of 
standard sizes for gas flows from 5 scfh to 10,000 scfh. 


Additional units 
are available for 
the removal of 
other impurities 
from a wide range of industrial gases. 


DEOXO PURIDRYER 


The Deoxo Puridryer will remove oxygen from 
hydrogen to leave less than 1 ppm of the impurity 


Se ee ee 


remaining, and subsequently dry the purified gas 
to a dew point as low as minus 100° F, at flow 
rates of up to 100 scfh. 


Provision for regenerating the drying agent is 
incorporated in the unit. 


HERSCH OXYGEN METER 

: ; The Hersch Oxygen Meter has _ been 

. opie iaccassiailll designed for the measurement of trace 

oxygen in other gases in the range 0-10 

nna ae and 0-100 ppm. The high sensitivity, 
goa E ye accuracy and speed of response enables 
used both for 


WY ; ta this instrument to be 
of 947 es eae laboratory investigation and production 


quality control. 





* Illustrated literature available on request. 





(BNGELHARD INDUSTRIES LTD) BAKER PLATINUM DIVISION 





52 HIGH HOLBORN . LONDON . W.C.1 . Telephone; CHAncery 9050 
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special industrial quality 
NA AVANVAVAN to ol 
TRANSISTORS 


8 for all fast-switching 
low-wattage circuits 
AVAILABLE IMMEDIATELY 
IN QUANTITY 


QUALITY Assured by tighter-than-ever specifications. 

RELIABILITY Based on special heat-ageing, hermetic-sealing and leak- 
testing processes. 

COMPATIBILITY Provided by industry-preferred encapsulations. 

COMPETITIVE PRICES Through increased economic production. 


The computer engineer is sure to find a unit in the following flexible range of 
pnp germanium alloy transistors — whatever his circuit requirements. All havea 
rating of 20V and a minimum DC beta of 50 at the currents stated. Switching 
speeds are indicated below by feo limits but can be provided to f; or any other 
switching specifications. Units are also available in standard TO22 


ACTUAL SIZE 


encapsulations. 


VERY HIGH SPEED ' HIGH SPEED MEDIUM SPEED 
IFICATION 
SPECIFIC ONS f_ = 15 Mc/s {_ = 7-15 Mcis fop™ 3-7 Mcis 


co 
NKT 121-129 series ! upwards wa . 


HIGH CURRENT (500mA) 
(Core Drivers etc) NKT 121 


MEDIUM CURRENT (25mA) 
(Mid-Level Logic Circuits) NKT 124 ! NKT 126 


I 
(imA 
LOW CURRENT (1mA) NKT 127 kt <0 ! saci 40h 


! 
(Analogue DC Amplifiers, etc) 


MEMBER OF THE 
re i > NEWMARKET TRANSISTORS LTD. : 
7 €EXNING ROAD, NEWMARKET Tei: Newmarket 3381 ’ 
GROUP OF COMPANIES 
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accuracy and stability for vision 
circuit testing 


For the really effective testing of vision 
circuits the Video Oscillator Type O22B 
provides an input signal that is exception- 
ally accurate and stable. 


The accuracy of calibration is, in fact, 1°% over the 
frequency band 10 kc/s to 10 Mc/s, whilst the ampli- 
tude remains constant to within + } dB throughout 
this frequency range and is independent of variations 
in mains voltage and range setting. Thus the necessity 
for resetting the reference level no longer exists, and 
instead a means of measuring the load impedance by 
the reading on the output voltmeter is provided. 

The total harmonic content of the output waveform 
of this high quality Oscillator is less than 1%. These 
standards of performance in a compact, portable piece 
of equipment explain why the Wayne Kerr Video 
Oscillator Type O22B is so widely used by the G.P.O., 
B.B.C. and throughout the television industry. 

The Wayne Kerr Video Oscillator is fully described in 
Information Service Leaflet AO 22B, copies of which are 
available on request. 


THE WAYNE KERR LABORATORIES LTD., é 
Sales and Service, 44 Coombe Road, 
New Malden, Surrey. 7 


Telephone : MALden 2202 Video Oscillator O022B 


@wks 
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NEC’S INFRARED 
MICROSCOPE 


PERFORMANCE 


Electrical 


INFRONICS at NEC 
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| Mppon Electric Company Limited 
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LONG POLE HEAD GRESHAM 
Where a smooth response 
is required down to very 
long wavelengths on tape, M A G N E T | ( 
Gresham heads can now 
be supplied with long pole 
shoes extending to the full R E C 0 R D | N 6 
width of the head. Shown 
below are the relative 


replay responses for a long H E A ) S 
pole head and a head of 


normal pole length under the same recording con- 
ditions. It will be noted that the long pole head gives a 
smooth curve extending at least 3 octaves further than 
the normal 
FINE GAP HEAD?) pole length 

head. 


NOW AVAILABLE 
WITH 
FULL WIDTH POLES 





AND 
FINER GAPS 


FINE GAP HEAD 


All heads in the Gresham 
range using Mu-metal cores 
are now available with gap 
spacers of 0.000! inches. 
Because of the inherent 
low frequency losses full 
advantage can be taken 
from using such a fine 
gap. Shown below are the relative replay responses 
for a fine gap head and for a 0.00025 inch gap head GRESHAM 
under the same recording conditions. It is possible 
. using saturation recording 


Tre MON to double the packing LION 
Hite outpt oR ee eae density by use of the fine 
ef |" ELECTRONICS LTD 


HANWORTH 


MIDDLESEX 
Telephone FELtham 2271 
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ASSEMBLED AND TESTED-IN HALF THE TIME 


Equipment manufacturers can now reduce the 
assembly and test time for wound coil assem- 
blies by as much as 50 per cent by including 
Mullard Vinkors, the world's most efficient 
ferrite pot cores, in their equipment designs. 
No grinding of cores is necessary to obtain 
accurate inductances. The inductance of coils 
to be wound can be predetermined to within 


5 per cent of the value required. After the 
coils are assembled and mounted, a final 
adjustment to an accuracy of better than 
0.02 per cent can be achieved by the self locking 
adjustor. 

Contact Mullard for full details of the wide 
range of Vinkors, which cover frequencies 
between 1 Kc’s and 3 Mc/s. 


wunara VINKOR 


ADJUSTABLE POT CORE ASSEMBLIES 


cecal 
MULLARD LIMITED - COMPONENT DIVISION - MULLARD HOUSE - TORRINGTON PLACE - LONDON W.C.1 
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1 Nic/s 


Counter with 


In-line Readout 
for less than £350 





New techniques enable Venner 


to offer a transistorized 


eee ERE hee 


frequency and time 


measuring equipment 


with in-line readout 
at a lower cost than 


ever before. 


The treble-3-six is proof 
that Venner gives a high 
technical performance AND 
versatility at low cost. 


3 Frequency measurement to | Mc/s. TYPE T.S.A 3336 
3K Multi-period measurement over | to 10’ cycles. 
3K Oven-controlled crystal. 


aa Six digit display. You are invited to visit our Stand No. 61/62 


Sie S.B.A.C. FARNBOROUGH 
3K Sampling times 0.1, 1.0 and 10 sec. pats ce 














SK Gated random pulse counting. 
3K Mains or battery operation. 
3 Light, compact and portable. 
SK Venner proved performance packaged circuits throughout. 


VENNER ELECTRONICS LIMITED 
Kingston By-Pass, New Maiden, Surrey. MALden 2442 


TAts/ 101/154 
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1,000,000:1 


The Dataflex Differential Input Amplifier not only has a 
common mode rejection of more than one million to one but 
has the additional features of high stability, low noise and 
variable gain. It represents an answer to the problem of 
accurately measuring small d.c. signals (from thermocouples 
or strain gauges) in the presence of large common mode 
background. Like other units in the Dataflex range, it uses 
transistors throughout and is designed for utmost reliability 
in any data handling or control system. 


DIFFERENTIAL 


INPUT AMPLIFIER 


Input completely isolated from 

earth and output 

Better than one million to one common 
mode rejection at 50 c/s. 

Gain variable from twenty to 

five thousand times 

Noise less than 10uV 

Output 5V 

Dataflex Power Unit type 5C1A provides 
appropriate supplies 


BENDIX ERICSSON U.K. LTD. 


HIGH CHURCH STREET ‘ NEW BASFORD « NOTTINGHAM °* Telephone: Nottingham 75115 
(FORMERLY ERICSSON INSTRUMENTS DIVISION) 


eR.25 
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Pe PP 


weeks 
delivery 


guint» fw Of Standard moving coil 


M MINIATURE 


»* 


INSTRUMENTS 


Firm delivery times can be quoted for the comprehensive 
range of flush fitting ammeters and voltmeters in 

seven matching case types: 

Round 23” and 33”; Square 2”, 2}” and 3}”. 

Rectangular 3” x 4” and 5” x 6’. 


These instruments conform to B.S. 89: 1954 


For publications giving full details please write to, 
The English Electric Company Limited, 
Instrument Department, Stafford. 

Telephone: Stafford 700 


The English Electric Company Limited, English Electric House, Strand, London, W.C.2. 
INS. 59 
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The high quality of Brush products now goes hand in 
glove with quantity production. Gloves are available in a 
seemingly endless variety—so are Brush semiconductors. 
Brush, now backed by Clevite, Shockley and Intermetall 
research, offers the widest range of semiconductor devices 


in the country. 


Brush quality fits in with your own high standards, while 
Brush quantity fits in with your production programme. 


Write or’phone to Semiconductor 
Division, Brush Crystal Co. Ltd. 


Outstanding among Brush products are 
the diodes and rectifiers, especially the 
zener diodes, which are unique. 

They have the following features: 

oe « Sharp breakdown characteristics 
SEMICONDUCTORS % Low dynamic resistance 

» Wide voitage range 

#% Good power handling capacity 

*% High mechanical strength 

«Unique temperature coefficients 


HY THE - SOUTHAMPTON - HANTS: Phone: HYTHE 3031 
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SERVOMEX 

an ever expanding 
gelalersmne) 
Taksueaeraalsialecmctare 
Cola ace) icmreye 
Research, Industry 


and Education. 
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AC. Voltage Stabilisers 
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NEW 


CANNON 
KPT/KSP 
MINIATURE 
DESIGNED 10 


MIL-C-26482 


Quick disconnect plugs for aircraft, 
missiles, and all applications 
requiring miniature plugs. Our 
standard solder-pot versions, 
including hermetic seals, are 
completely interchangeable with all 
bayonet-lock plugs designed to 
MIL-C-26482! 





ALSO AVAILABLE ARE KPTM/KSPM PLUGS 
WITH CRIMP SNAP-IN REMOVABLE — 
CONTACTS AND TWO SHORE INSULATOR oo 


Front of 


ul ' 
Two shore resilient insulators moulded out of two different hardness materials (polychloroprene) — 
into a homogeneous piece. The rear portion of the insulator is the softer in order that the MIL-C-26636 
conductors can be sealed properly, and the front portion is the harder to retain ene 
the snap-in contacts. The two shore insulator insures a continuous moisture and pressure gold over 
seal from front to back to provide superior electrical performance at high altitudes. wananie 
This method of sealing and contact retention offers the industry a most reliable crimp Sieiitieatis 
series meeting the requirements of MIL-C-26482. For comprehensive details write lead-in 
for catalogue KPT/KSP. And for all your connector requirements consult Sone ws 
Cannon—the world's foremost manufacturer of plugs and sockets. alignment 


CAN N 0 N FOR RELIABILITY 
= PLUGS 


Cannon Electric (Great Britain) Limited 
168-172 Old Street, London, E.C.1. CLErkenwell 4954 


European enquiries to Cannon Electric international Inc., 
Boomstraat, 79, Bornem, Belgium. Telephone (03) 77. 06. 14 
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ELECTRONIC INSTRUMENTATION 
PIONEERED AND PERFECTED BY 


BURNDEPT 


A SIXTH SENSE IN PROCESS CONTROL 


SPOTLIGHT ON SENSIKATOR — BE.289 To count cans of peas 
nome latalac eo taatad passing on a belt, or minute ball bearings passing in a stream, or plastic components meeting 

for assembly. The Sensikator is equally alive to metallic or non-metallic objects. 

To sense the join in a film, the double feed of a printing machine, two bank notes instead of one 

—the Sensikator can sense them without touching. 

To measure the sudden irregularity in size or shape of a standard metallic or non-metallic 

parameter. 

BE.289 is indeed a general purpose instrument readily adaptable to the special needs of your 
a igmansaecpesb hen manufacturing processes: it can, of course, be arranged to operate counting devices, warning 

lights, cut-out switches or any form of electronic corrective action. 


ENQUIRIES WELCOME: INDUSTRIAL ELECTRONICS DIVISION - BURNDEPT LTD ERITH - KENT - Telephone: ERITH 33080 
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aK Todays finest value 
for only 


STABILISED POWER SUB-UNIT 


MODEL 4931 





This very small unit, supplying 250 or 300 V.D.C. at 
150 mA. max. is ideal for building into your equipment. 
At this price, with a stability of +0°1% it is no longer 
worthwhile designing your own power pack. 

Write for further details of this unit and its companion 
model 4964 providing 150V. or 200V. at 150 mA. 


meena CHERTSEY ROAD 
BYFLEET 41131/2/3/4 PABX 
INDUSTRIES pypieer, SURREY RAMS: APTRAN. BYPLEET 


LIMITED 
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STANTELUM CAPACITORS 


BIAS CURRENT (mA) 


TUNNEL DIODES 
Now in JEDEC T0-18 Cases 


STC, having introduced Tunnel Diodes to Europe, now 
carries the design of these devices a stage further by 
encapsulating them in JEDEC TO-18 cases. The diodes 
are available immediately to industry. 


Tunnel Diodes are finding many applications in digital 
computers, counting circuits and in high-frequency low- 
noise amplifiers. These new devices are destined to carry 
semiconductor performance into the kilomegacycle 
region. 








Peak mA 
Current (nom) 





Current 


Ratio (typ) 





Junction pF 
Capacitance (typ) 





Resistive cut-off 
Frequency Mc/s (typ) 





' ' 
$ ! 
' 

H ' 


250 300 350 yoo 


Vy a 


BIAS VOLTAGE (mV) 


TYPICAL CHARACTERISTIC FOR A JK10B 
TUNNEL DIODE 


Full details of these devices may be obtained from STC 
Transistor Division, Footscray, Sidcup, Kent. 
EE 37 | for further details 


STC hermetically 

sealed tantalum capacitors, 

marketed under the trade name 

STANTELUM, are manufactured in four main groups: 

HIGH TEMPERATURE FOIL TYPE 

This is a range of tantalum capacitors for operation up to 

125°C and the devices are manufactured to withstand 

vibration conditions far in excess of those specified 
in RCS 134B 

Temperature range 

Voltage range 

Capacitance range 


—40 to +125°C 
6 to 100V d.c. 
Polarized types 0-4 to 200 uF 
Non-polarized types 0-2 to 100 uF 


STANDARD FOIL TYPE 
First in the Stantelum range, this type has been incor- 
porated into numerous communications and industrial 
equipments since its introduction in 1954, The range is 
Type Approved to RCS 134B 

Temperature range -40 to +85°C 

Voltage range 6 to 150V d.c. (at 50°C) 
Capacitance range Polarized types 0-3 to 200 uF 
Non-polarized types 0-15 to 100 uF 


MINIATURE FOIL TYPE 
Miniature Stantelum capacitors are a further development 
of the standard foil range. They have a space factor pro- 
portionate to their rated working voltage resulting in 
components of the smallest physical size. Available with 
axial or radial terminal wires. 

Temperature range —25 to +85°C 

Voltage range 3 to 25V d.c. 
Capacitance range 1-5 to 16 uF 
Polarized types 

SOLID TANTALUM 
Solid tantalum capacitors give up to three times capaci- 
tance, for a given rated voltage, as compared with the foil 
type capacitors. The range has been designed in line with 
MIL Specification C-26655-2 

Temperature range 55 to + 125°C (with voltage derating 


Refer to technical data sheets for detai!s) 
Voltage range 6 to 35V d.c. 
Capacitance range 1 to 330 uF 
Polarized types. Sintered slug and solid electrolyte 
construction 

For full details of these capacitors, ask for Technical 
Data Sheets from STC Capacitor Division, Brixham Road, 
Paignton, Devon. 
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CONTINUED OVER / 








XO COM 


MINIATURE 
SELENIUM RECTIFIERS 


The existing range of Miniature Selenium Rectifier 
Assemblies manufactured by the STC Rectifier Division 
has been extended. The previous range of miniature 
rectifiers included the **M” type and the “Q” and “*MQ” 
Unistor. The term “‘Unistor” has now been dropped and 
the range widened to comprise the types below: 





Description Remarks 





| Half-wave device 
| fitted to axial leads 
| (Plate types 1 or 3). 


| Single plate in aluminium case. 





| One plate or two plates in alu- 
minium case 





|Half-wave device 
Up tofive plates inseriesin moulded | fitted to axial leads 
nylon case. | (Plate types 1, 3, 6, 
/8 or 9). 


| 


As for Q but hermetically sealed 


and tropicalised. 








Up to five plates in moulded rect- 
| angular plastic case shaped for 
| automatic insertion. 


Available in half- 
wave, doubler, 
| push, pull or bridge 
R_ | Is a skeleton form of P for use in (configuration, with 

| restricted space. multiple leads 

+ (Plate types 1, 3, 6, 
L_ | Cylindrical case in two sizes for up 8 or 9). 

| to ten or up to twenty plates. 











These SenTerCel Selenium Rectifiers are designed for 
use in electronic circuits calling for a diode of good 
reverse/forward resistance ratio and closely controlled 
characteristics. When used in place of thermionic valves 
SenTerCel Miniature Rectifiers virtually eliminate prob- 
lems of heat dissipation and a.c. hum, and save the cost 
of provision of heater power, valve bases and associated 
wiring. Being of small size they are easily accommodated 
in circuits and are suitable for most applications including 
modulators and demodulators, discriminators, logical 
circuits, limiting diodes, asymmetrical resistors, etc. 


4 


"4 


Full details are contained in Advance Information 
booklets ‘‘Miniature Selenium Rectifiers”’ and ‘‘Applica- 
tions of Miniature Selenium Rectifiers”, available from 
STC Rectifier Division, Edinburgh Way, Harlow, Essex. 
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HIGH FREQUENCY 
CRYSTAL FILTERS 


90 dB discrimination in 1 cubic inch 


These are rugged, hermetically sealed panclimatic units 
designed primarily for AM and FM mobile radio work- 
ing on 50, 25 and 12-5 kc/s with an intermediate 
frequency of 10-7 Mc/s. No circuit adjustments are 
necessary if terminations are within the stated tolerances. 
Brief details of characteristics are given below. For full 
information, apply to STC Quartz Crystal Division for 
Data Sheets. 





445-LQU-901A 


Pass Band Ripple: 2dB maximum 


Stop Band Discrimination: 70dB minimum + 35 ke/s 
90dB minimum + 50 ke/s 
maintained over at least 
+ 300 kc/s 

445-LQU-901B 


Pass Band Ripple: 2dB maximum 


Stop Band Discrimination: 70dB minimum 
17-5 ke/s 
90dB minimum + 25 ke/s 
maintained over at least 
+ 300 kc/s 
445-LQU-909A 


Pass Band Ripple: 1dB maximum 


Stop Band Discrimination: 60dB minimum + 50 kce/s 
maintained over at least 
+ 300 kc/s 
445-LQU-909B 


Pass Band Ripple: 1dB maximum 


Stop Band Discrimination: 60dB minimum + 25 kc/s 


maintained over at least 
+ 300 kc/s 


A new publication, MQ/106, listing the standard ranges of 
STC crystals, is available from STC Quartz Crystal 
Division, Temple Fields, Harlow, Essex. 
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MICROWAVE OSCILLATORS 


STC Microwave oscillators 
include: 














V Type Coaxial Line Oscillators vi90C 18 | | | 
and H-wave Oscillators with ee LT} : 5 =~ 
excellent frequency stability, a | 

high degree of modulation 
linearity and low working volt- 
ages. No forced air cooling is 
required. 

O Type (Y Codes) Backward 
Wave Oscillators with a very 
wide electronic frequency 
coverage. 























Z Type Reflex Klystrons with a 
wide electronic tuning range 
and a high degree of modula- 
tion linearity. 

Brochure MS/113,“STC Micro- 
wave Tubes”, is available from 
STC Valve Division, Footscray, 
Sidcup, Kent. - 
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TOROIDAL INDUCTORS 


With the greater use of radig communication and radio 
navigation on ships and aircraft comes increased problems 
of interference suppression for other electrical equipment 
which is also an inseparable part of modern transport. 
STC, with over 40 years experience in the development 
of high-grade magnetic materials, manufactures a range 
of inductors for industrial, marine and aeronautical 
applications. 


Full details from STC Magnetic Materials Dept., Edinburgh 
Way, Harlow, Essex. 


DIMENSIONS, WEIGHTS AND RATINGS EE 37 6 for further details 


CODE os DIAM.|/INNER DIAM. | LENGTH WEIGHT INDUCTANCE AND CURRENT RATINGS 
| (cm) mF (cm) | (=) (a.c. or d.c.) 
Ci | 0:7 | 0-52 3-5 from 250 4H (0-5A)to 750 uH (0-1A) 


c2 | ; | 1:2 0-8 14-5 from 100 uH (1-5A) to 1 000 uH (0-5A) 


4 “s 


C3 | | 1-4 1-3 50-0 from 100 «H (2-5A ) to 1 000 wH (0-5A) 


C4 | , | 2-4 1:3 85-0 from 100 uH (4-0A ) to 2 000 uH (1-5A) 
C5 | | 

















2-7 1-4 130-0 from 100 uH (5-0A ) to 2 000 uH (2-0A) 





ELECTRICAL CHARACTERISTICS OF SELECTED TYPES 
| INDUCTANCE AT CURRENT RATING VOLTAGE DROP AT 


onur RESONATING | D.c. 
‘ NT. RAT 
cope eae CONTINUOUS) PEAK a A 1 REQUENCY | RESISTANCE 


| G4) ) (A) ™) aba 
CiAB 300 | 300 10% | 0:5 0:7 0-25 5-0 05 
C2BB 500 | 500 + 10°% 1-0 1-2 0-30 3-2 0-3 
C3BC 1000 1000 = 10% 15 2-2 0-45 12 0.3 
C4CC 1000 | 1000 ~ 10°Z 2-0 3-5 0-44 0-9 | 0-22 
C5DD 1000 | 1000 ~ 10°, 3-0 4-4 0-54 08 018 


Standard Telephones and Cables Limited 


COMPONENTS GROUP - FOOTSCRAY -: SIDCUP - KENT 
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TWO IMPORTANT 
MIXED-GAS THYRATRONS @ 
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* STARTING * LONG, RELIABLE SERVICE LIFE & 


* WIDE AMBIENT TEMPERATURE RANGE 


TYPE BT. 109 


—a 6.4-amp inert gas/mercury vapour thyratron. Fast 
starting. This valve is intended for industrial applications, 
and is a plug-in replacement for American type GL.6858. 


CHARACTERISTICS 
Electrical 


BT. 109 


TYPE BT. 113 


—a 0.5-amp inert gas/mercury vapour thyratron. May be 
used as a plug-in replacement for BT.19, where maximum 
peak anode voltage is not above 1,500 volts. Fast starting. 


BST. 113 





Cathode type 

Filament voltage 

Filament current (max.) 
Filament current (min.) 
Voltage drop (max.) 
Cathode heating time 
Ionisation time (approx.) 
Deionisation time (approx.) 
Anode-control capacitance 
Control grid—cathode capacitance 
Mechanical 





Directly heated. 
2.5 volts. 

23 amps. 

19 amps. 

15 volts. 

60 secs. 

4 micro secs. 
1000 micro secs. 
4 uw uw farads. 

18 uw u farads. 





Directly heated. 
2.5 volts. 

5.3 amps. 

4.5 amps. 

15 volts. 

30 secs. 

10 micro secs. 
1000 micro secs. 
2 uw » farads. 

7 » w» farads. 








Type of cooling 
Mounting position 
Weight (max.) 


Equilibrium condensed mercury 
temperature rise above 
ambient (full load) 

(no load) 


Ratings 


Convection. 
Vertical, base down 
(11 02). 

(323 gm). 





Convection. 
Vertical, base down. 
(2} oz). 

(39 gm). 


(approx.) 24°C, 
(approx.) 23°C, 








Max. peak anode voltage: forward 
inverse 
Max. cathode current: peak 
average 
Max. averaging time 
Ambient temperature range * 


1500 volts. 
1509 volts. 
77 amps. 
6.4 amps. 
15 secs. 
—40°C, to + 


* Still air temperature near the base of valves. 


1500 volts. 
1500 volts. 
2 amps. 

0.5 amps. 
15 secs, 
—40°C. to + 


Although valves will operate satisfactorily at ambient temperatures of —40°C. to + 10°C., 
life will be reduced at these low temperatures. For maximum life the valve should be operated 


at ambient temperatures within the range 


15°C. to + 40°C. 





PLEASE DON’T TEAR OUT THIS ADVERTISEMENT— 


Others will want to see it. If you would like to have full 
details of these two new thyratrons, or any other AEI 
electronic components for that matter, all you have to 
do is write to AEI at the address below. Data sheets with 
detailed information will be sent to you without charge. 


DON'T O ILAY- Write now and be sure of receiving latest news 
of these and other AEI components as they become available 


COMING - a 2}-amp mixed-gas thyratron! 
AEI will be introducing this new thyratron later, so watch for details. 
Better still, make sure your name is on our mailing list for advance information 


on all new AEI components. 


ANOOE VOLTAGE 


GRIO VOLTAGE 
BT 113 Thyratron 
control characteristic 


TOP cAP CT) 
(83 448) 
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GRIO VOLTAGE 
BT 109 Thyratron 
control characteristic 
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ELECTRONIC APPARATUS DIVISION, VALVE & SEMI CONDUCTOR SALES 


DEPARTMENT - CARHOLME ROAD - LINCOLN 


TEL: LINCOLN 26435 
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TO HOUSE YOUR VALUABLE 


ELECTRONIC EQUIPMENT 





CONSOLES 
CASES 


aso CABINETS 
PANELS - CHASSIS UNITS 


— [nai 
UL\) DATUM METAL PRODUCTS LTD. Sa 


COLNE WAY TRADING ESTATE + WATFORD-BY-PASS - WATFORD «+ HERTS 
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DIRECT DIGITAL DRIVE 


*Registered Trade Mark 


GCA 10G GR 10H 
DEKATRON* DIGITRON* 


For more detailed information please write to 


TUBE DIVISION 38> eer _t tes. 5 


BEESTON - NOTTIiNGHAWM 


ERICSSON TELEPHONES LTD-HEAD OFFICE-22 LINCOLN'S INN FIELDS -LONDON WC2 
ER 26 
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INDUSTRIAL 


WILKINSON 


CHENIICALS 


ELECTRONIC 
GRADE 
HYDROFLUORIC 


ACID 
40% 48% 49+ -25% 


ANALY TICAL 
REAGENTS 


NITRIC, HYDROCHLORIC 
and SULPHURIC ACIDS 


also available... AMES WILKINSON & SON LTD 
EASTGATE HOUSE, 1’ 
FEOUMNECAL 10 EASTGATE, LEEDS, 2 ibdh 
GRADES Tel. 3217! Grams: Laporte, Leeds Vv 
HYDROFLUORIC . . seta 


ASto LONDON AGENTS & DISTRIBUTORS: THE LAPORTE GROUP 
FLUORIDES JOSEPH WEIL & SON LTD., FRIARS HOUSE 
BIFLUORIDES 39-41 New Broad Street, London, E.C.2 


BOROFLUORIDES 
Ps tals| 
SILICOFLUORIDES 


A MEMBER OF 


OF COMPANIES 


MIDLANDS AREA OFFICE 
153 Parker Drive, Leicester 
Telephone: Leicester 63861 
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ELECTRONIC HOUSING EQUIPMENT 
YOU CAN BUILD 10 ORDER 


Fully adaptable ‘engineer designed 
equipment by Linvar Limited 


TAKE A BASIC UNIT—a strong frame with a 19” panel and two 
chromium plated handles at the front. The vertical chassis give 
minimum impedance to air flow, provide rear faces for plugs and 
sockets and act as a screen between components of opposite 
channels. Other types of chassis also available. 

OR MAKE A CASE OF IT—enclosed, it is properly ventilated and 
makes an ideal instrument case. 

FOR A RACK OR A CABINET—slide the basic units into an easily 
assembled standard 19” rack which provides for: 

Safety. Units cannot be withdrawn, or the back panel removed, 
while the side covers are in position, so that ali electrical circuits 
are effectively enclosed. 

Accessibility. Each side cover can be unclamped by a single 
catch, allowing free access to all components. 

Wiring. A vertical cable duct at the rear carries the inter-unit 
wiring ... and allows swan neck cabling, so that the chassis 
can be easily withdrawn. 

Ventilation. Louvres at the front admit cooling air over the 
components to the heat chimney at the rear. Sloping baffles 
between units prevent warm air rising to the units above. If 
desired, a fan can be installed to give forced ventilation. 

RACK MOUNTING CASES AND SMALL CASES—a full range is 
available. 

TROLLEYS—to carry instruments, etc. These strong manouv- 
rable trolleys can be supplied with a variety of shelves, each 
adjustable in height. 

These attractively styled all metal units have an epoxy resin 
undercoat and are normally stove enamelled in dark grey to 
B.S.632, with light grey front panels to B.S.631, but can be 
supplied in customer's own colour schemes if required. 














SPECIAL SERVICES 


Linvar Limited are specialists in electronic housing 
equipment. Electronic Engineers in their own right, 
they have a thorough knowledge of the needs of the 
‘ electronic industry and can design, do layouts, wire 
\eimMITeo and facture any special housing equipment rang- 
ee ing from control desks to complete control installations. 
Please write, phone or call for full details of ‘standard’ 

and ‘special’ equipment designed by Linvar Limited. 





ELECTRONIC & MECHANICAL ENGINEERS 
BALFOUR ROAD - WEYBRIDGE - SURREY 
TELEPHONE: WEYBRIDGE 6962 & 6361 
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ELECTRONICS LTD 


SLIP RINGS 


BRUSHES 


30° diameter Slip Ring 
Split for ease of assembly 
Electrodeposited fine 
silver rings for lowest 


noise levels (strain gauge 
application) 


COMMUTATORS 


PRECISION 
ROTARY SWITCHES 


IDM ELECTRONICS LTB, 
Whitley Kiln - Basingstoke Road . Readin 


cT7 5 


LII1/6 


Meilesolatelalswmatsy<leliare 
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Generally known for sternly withstanding fierce charges are G.E.C.'s 
silicon controlled rectifiers, ideal for power control and power switch- 


ing applications at voltages up to 400V and currents up to 7OA. 


Write for details to SEMICONDUCTORS 


THE GENERAL ELECTRIC COMPANY LIMITED* SEMICONDUCTOR DIVISION*: SCHOOL STREET 
HAZEL GROVE + STOCKPORT * CHESHIRE «+ OR, IN THE LONDON AREA, RING: TEMPLE BAR 8000 EXT. 10 
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Quartz 
Crystal Ovens 


STABLE TEMPERATURE ENSURING 
MAXIMUM FREQUENCY STABILITY 


Switching differential 0-0014°C. 
No thermostat 
No thermometer switch 


Orthodox crystal ovens, using thermostats 
or thermometer switches, are available for 
applications where wider temperature varia- 
tions are acceptable. 


MARCONI 


SPECIALIZED RADIO COMPONENTS 


Write for details of crystal ovens and other specialized components 
in the Marconi range, and address your enquiries to: 


SPECIALIZED COMPONENTS GROUP 


MARCONI’S WIRELESS TELEGRAPH COMPANY LTD., 
CHELMSFORD, ESSEX, ENGLAND 


ELECTRONIC ENGINEERING 


SEPTEMBER 


1961 
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miniature, in-line, digital display tube 


*% Miniature side viewing tubes for the 
most compact numerical presentation. 
Flying lead connections for maximum Our specialised erperience in the design and 
convenience and reliability. manufacture of cold cathode tubes and neon 


% Available with numerals from 0 to 9. indicators ensures the high quality, con- 
Fractions, plus and minus signs and sistency and long operating life of Hivac 
special symbols are also possible. Numicators. They can be operated in a variety 
of ways: from cold cathode tubes or from 


%* All digits appear in the same position, mechanical and electromechanical switches. 


as seen from the front. Numicators 
accordingly offer the very great advan- 
tage of in-line display. 


%* Hivac Numicators have all the normal e IVAC Li M ITED 
advantages of neon indicator lamps—low 

consumption, low temperature operation, STONEFIELD WAY ‘ SOUTH RUISLIP * MIDDLESEX * Telephone: VIKING 1288 
and freedom from risk of sudden failure. A member of the A.T. & E. Group 
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COMBINED RF 
SHIELD & SEAL 


For cabinet lids, drawers, 
flanges etc., to ensure Air and 
R.F. shielding. 








KnitMesh is a knitted mesh 
produced from almost any 
material obtainable in filament 
form. The illustration shows 
one of its latest applications in 
the electronic field, as a com- 
bined R.F. shield and air-seal 
with a core of neoprene, sili- 
cone rubber, mesh or any 
— suitable material. ‘ 

© unique properties o 
KnitMesh — asymmetrical 
linked loop structure, wide 
choice of metals and apertures 
available, and its flexibility— 
make it particularly suitable 


Just one of 
the many uses 
of KnitMesh in 
the Electronic 

Industry* 


Others include heat exchangers, 
flange and spindle gaskets, air t _ Suil 
filters, cushioning, and flexible -* am ot 5 gen 
alt-netel wom. fie more taformetion os 


KnitMesh electronic products. 
i Mntevtesh 36 Victoria Street, London, S.W.1. 
2 LTD. Phone: Abbey 2684, 1757. 
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Today’s best value n 


heavy gauge STEEL 


SHELVING 
| mmm {| £3:15°0 


DELIVERED FREE } 


Brand new — Manufact- 
ured in our works. 


Shelves adjustable every 
inch. 


Heavy gauge shelves will 
carry 400 Ib. each. 


Stove enamelled dark 
green. 


6 shelves per bay—Extra 
shelves 8/- each. 


Quantity discounts. 


THE ONLY HEAVY GAUGE 
SHELVING AT THIS PRICE 





PRECISION MINIATURE SWITCHES 
Built to British and Foreign Specifications 


CASTELCO (G.B.) LTD. 


Castle Works, High Street, OLD WOKING, Surrey. 
PHONE: Woking 4172/73 
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FOR 
SOLDERING 
THAT'S 
CERTAIN... 


Trade Mark 


Best electric soldering irons in the business — 
first choice with Industry for over 

25 years. Full range available. 25 watt 

model illustrated. For leaflet write: 


CABLE DIVISION 


Associated Electrical industries Limited 


Distribution Equipment Saies Department, 
145 Charing Cross Road, London, W.C.2. 
Tel: GERrard 9797 
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ot 0] BA od 3, [ole 


HIGH QUALITY 
DIELECTRIC 


MATERIALS FOR THE 
ELECTRONIC & ELECTRO-MECHANICAL INDUSTRIES 


G0 FLUOROCARBON T.F.E. (P.T.F.E.) 


POLY PENCO Extruded and moulded Rod, Thin Wall Tubing and sleeving, 
Sheet, extruded and moulded Tube, Tape, and Machined Parts. 


WITH THESE ADVANTAGES: 


Electrical Mechanical 

@ High dielectric strength @ Very. low co-efficient of friction 
@ Extremely low loss factor @ Non-adhesive 

@ High volume and surface resistivity @ Easily blanked or machined 

@ Low dielectric constant 


Goh FLUOROSINT* T.F.E. 


A new P.T.F.E. base resin produced only by Polypenco Ltd., 
providing outstanding compressive strength, rigidity and wear 
resistance, whilst retaining all the electrical advantages , ' 2 3 
inherent in P.T.F.E. Added advantages are considerably [3 {' 
lower coefficient of thermal expansion and improved di-? 8 
mensional stability. ‘a 
AVAILABLE NOW IN ROD, TUBE, TAPE AND AS 4 
PRESSED AND SINTERED PARTS TO YOUR DESIGN er 
* Regd. Tolerances achieved in tests on FLUOROSINT 


Trademark, mouldings indicate their use where PTFE parts 
Patented will not meet the requirements. 


Q.200.5 
<a = CROSS-LINKED POLYSTYRENE 


A clear, rigid, dimensionally stable material with outstanding 
performance as an U.H.F. insulator up to 10,000 Megacycles. Q.200.5 is readily 
machineabie on orthodox metal working equipment. 














AVAILABLE NOW IN ROD AND PLATE 








POLYPENCO LTD. Bia 70 POLYPENCO LIMITED , 


TEWIN ROAD; WELWYN GARDEN CITY, HERTS P 
Welwyn Garden City, FILL IN Please send particulars of FLUOROCARBON T.F.E.; FLUOROSINT; @.200.5 


Herts. AND NAME . 
Telephone 25581/4 atime COMPANY , 
ADDRESS 




















PP/A16/61 
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TRANSFORMERS 
TRANSDUCTORS 
COILS & TOROIDS 
MICROPHONES 
LOUDSPEAKERS 
EARPHONES 


POTENTIOMETERS 
AT THE HEART OF VOLUME CONTROLS 


MINIATURIZATION CONNECTORS 
RELAYS, SWITCHES 
ACOUSTICS 
PLUGS & SOCKETS 


COMPONENTS DIVISION — TRANSFORMER DIVISION 
FORTIPHONE LIMITED - (DEPT. 2), 124-126 DENMARK HILL, LONDON S.E.5. - Telephone BRixton 8977 
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If you need my | CHIRCO Ta 
a small METAL PRESSING — L¢ i 


for your product, why not consult us ? Finger & 
age Thumb stalls 


We specialise in light precision 


presswork in all metals for the 
Electrical Trades 
QUOTATIONS BY RETURN 

For protecting the worker in many small assembly operations and 
the product against operator humidity, specify Chirco finger stalls, 

BIRMINGHAM SPECIALITIES LTD. thumb stalls, and finger tips. Available in all sizes, light, medium 

MOOR LANE, WITTON, BIRMINGHAM, 6 and heavy gauge Latex. Natural, black and various colours. Write 

Phone: BIR 5026 for full particulars. 


CHICHESTER RUBBER CO. LTD., WATLING STREET, DUNSTABLE, BEDS. 
Telephone: Dunstable 64244 


ENALON PLASTICS LIMITED 


Phone: TONBRIDGE 3343/44/55 DRAYTON ROAD - TONBRIDGE - KENT Grams: ‘ENALSCO’ 


Specialist Manufacturers of Plastic Materials to the 
Electrical, Radio and Television Industries . . 


@ ENALON precision wounp colt FORMERS / 

eo—ENALON iworection moutpine ile 

e——ENALON s.2.8- tusinc p>: 
@——ENALON =sstawrincs anb MACHINING 
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Three UNIQUE... 


OSCILLOSCOPES 





3-5 - millimicrosecond risetime 
Type 58! 


A unique laboratory oscilloscope with many of the 
capabilities needed in the current rapid advancement 
of the electronic art. Its 3.5-my sec risetime, 0.1-v/cm 
sensitivity and 0.0I-usec/cm sweeptime are features 
for modern high-speed pulse applications. A new series 
of Tektronix plug-in preamplifiers promises out- 
standing signal-handling versatility for an oscilloscope 
with a vertical passband of dc to approximately 100 mc. 


Type 585 

Having the identical general specifications as Type 
581, the 585 has second time base generator. This 
acts as a sweep delay generator, providing a wide 
range of calibrated sweep delay, continuously variable 
over the range of Iusec to 10 sec. Colour-correlated 
controls eliminate confusion, making this new high 
performance oscilloscope easy to operate. 


Full details from 


When top performance oscilloscopes are required, 


the range of Tektronix instruments can satisfy the 


most rigorous demands. Livingston Laboratories 


are the sole representatives in Great Britain of 


Tektronix Inc. 





DC to 30 MC 


Dual - Beam Oscilloscope 


Type 555 


Two electron beams, each 
with its own X and Y 
deflection systems, help 
make possible a_ highly 
versatile dual-beam oscillo- 
scope. Either of the two 
time-base generators in the 
Type $55 can deflect either 
beam for dual and single 
displays, and either can 
deflect both beams for a 
dual display on the same 
time base. Time-base units 
are the plug-in type to 














facilitate instrument maintenance and the sweep speed is 
variable between 0.02 yusec/cm and 12 sec/cm. This new 
oscilloscope will accept the standard range of plug-in 


pre-amplifiers. 


Same  ssignal displayed 
simultaneously on slow 
sweep (upper beam) and 
fast sweep (lower beam) 
shows both coarse and fine 
structure of waveform. De- 
lay range—oO.§ sec. to 
§0 sec. 


LIVINGSTON LABORATORIES LTD. 
31 CAMDEN ROAD, LONDON, N.W.I 


Telephone: GULliver 8501 
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Soldering 
Instruments 


and Equipment 


DCOL 


Hlustrated 


é& in. DETACHABLE 
BIT SOLDERING 
INSTRUMENT 
L64 
POSITIONED IN 
PROTECTIVE UNIT 
WITH ACCESSORIES 
L700 


INSTRUMENTS WITH 
THE CORRECT 
SOLDERING 
TEMPERATURES 


ALL VOLT 
RANGES 
6/7 to 230/50 
VOLTS 


British & Foreign 
Pats. & Reg. 
designs. 


For further information and full illustrated catalogue apply head office. 


ADCOLA PRODUCTS LIMITED 


ADCOLA HOUSE, GAUDEN ROAD, CLAPHAM 
LONDON, S.W.4 


Telephones: MACaulay 3101 and 4272 Telegrams: SOLJOINT 


LONDON S.W.4 
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Modular 
SERVO 
Gearboxes 


Modular Servo Gearbox-supplied to Research 
Laboratories, Messrs. Pilkington Bros. Ltd., 
Lathom, Ormskirk, Lancashire, for use in 
recording the rate of loss of weight of a sample 
during heat treatment, together with its 

weight at a given time. 


Complete mechanisms can be produced to specific requirements from 
standard components. Readily interchangeable gear ratios and 
components bring HIGHLY COMPETITIVE PRICES and quick 
delivery. Suitable for experimental prototype and production quantities. 
Gears to Admiralty Class 1, zero backlash in all ratios using spring 
loaded split gears, corrosion resistant throughout, ball bearings friction 
tested, assembly work carried out in dust-free conditions. 


Write for Bulletin No. 10 to 
RELIANCE GEAR COMPANY LTD. 
St. Helens Gate, Almondbury, Huddersfield, Tel: 7762-3 








ZN 


Still as A cape still as el 


TEM-CON 


Ka x ZF 


Full details from 
TYER & COMPANY LTD 


(formerly P.A.M. Ltd) 


Perram Works, Merrow Siding, 
Guildford, Surrey ~- Tel: Guildford 2211 


Wit isation 
of the Souther tric Corporation 
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Hewlett-Packard 


Signal Generators 50 KC to 21 KMC* 


* New -hp- Frequency Doublers soon available will extend frequency coverage to the 40 KMC region 


The table on this page gives brief details of 12 . Model 608 D - 10 to 420 MC 

high-quality, dependable, precision instruments ‘i Highest stability, low incidental FM; low 

offered by the world’s foremost manufacturer of frequency drift. Calibrated output 0.1 

signal generators. Two of the more prominent and 7 ’ microvolt to 0.5 V. Built-in crystal cali- 

widely-used -hp- signal generators are pictured brator provides frequency check accurate 

and described alongside. within 0.01 % each 1 MC and 5 MC. 
Price 2 480 


Characteristics 


50 KC to 65 MC Output 0.1 «V to 3 V. Full feedback loop, 
low distortion 





10 to 480 MC Output 0.1 zV to 1 V into 50 ohm load. 
AM, pulse, or CW modulation. Direct calibration 


10 to 420 MC Output 0.1 wV to 0.5 V. 
Incidental FM less than 0.001 % 


450 to 1,230 MC Output 0.1 «V to 0.5 V into 50 ohm load. AM, 
pulse, CW or square wave modulation. 
Direct calibration 


800 to 2,100 MC Output 0.1 wV to 0.223 V into 50 ohm load. 
Pulse, CW or FM modulation. Direct calibration 


1,800 to 4,200 MC Output 0.1 «V to 0.223 V into 50 ohm load. 
Pulse, CW or FM modulation. Direct calibration 


3,800 to 7,600 MC Output 0.1 wV to 0.223 V into 50 ohm load 
Pulse, CW, FM or square wave modulation. 
Direct calibration 


7,000 to 11,000 MC Output 0.1 wV to 0.223 V into 50 ohm load. 
Pulse, FM or square wave modulation. 
Direct calibration 


5925 — 6575 MC Output 70 nV to 0.223 V into 50 ohm load 
6675 -- 7175 MC FM or square wave modulation. Separate power 
7175 — 7725 MC meter and wave meter section 
(specify) 
New Model 606 A - 0 KC to 65 MC 8,500 to 10,000 MC Output 2.23 ,V to 0.223 V into 50 ohm load 
A . -hp- , ° : utpu' ‘o 0. i ry 
Ultramodern, incorporates latest techniques. Out- Pulse, FM or square wave modulation. Separate 
put 3 V full range, continuous attenuation to 0.1 power meter end wave mater esetion 
microvolt. Master-Oscillator-Power Amplifier cir- -hp- 10 to 15.5 KMC Output 10 dom te -90 dm. Pulse, FM or 
. ° . m ton ation 
cuit with full feedback loop insures constant out- rs enna gh epi a ener He Sot 
: . : : -hp- 15 to 21 KMC Output 10 dbm to -90 dbm. Pulse, FM or 
put full range. Low distortion, varied modulating 7 square wave modulation. Direct calibrat 
capabilities. 
Price £ 540 





Many world-famous Hewlett-Packard laboratory instruments Prices delivered U.K. exclusive of duty where payable. 
are now made in the new Hewlett-Packard GmbH plant at Continuous progress in design may affect the above 
Béblingen, near Stuttgart. Here quality engineering and specifications which are therefore subject to change 
latest manufacturing techniques bring you instruments of without notice. For information, technical sales and engi- 
exceptional performance at moderate price. neering help, or a demonstration please write or call 


Hewlett-Packard S.A. 


Geneva (Switzerland) Rue du Vieux-Billard 1, Tel. (022) 26 43 36 
Exclusive Distributor for United Kingdom: 

LIVINGSTON LABORATORIES LTD. 

31, CAMDEN ROAD, LONDON, N.W.1 
Telephone: GULliver 8501 (10 lines) HPSA - 7 - 412 


leads the way 
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PRS NSE TST UN 


HAVE YOU 
A COMPONENT 
PROBLEM ? 


Pressed, Fabricated and Deep 

‘| Drawn Components for the 
Electronic and Radio Indus- 
tries are our business; what- 
ever you need, Chassis, Cases, 
Panels, Fixing Brackets, etc., 
we can make them to your 
specification. 
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Ph 


PNAS IETS ¢. 


MANY STANDARD 
TOOLS IN STOCK 


Wade LAP Ea aT 


designed for 


We produce in:- 


STEEL - ALUMINIUM 
. BRASS - PHOSPHOR BRONZE 
NICKEL SILVER 
Self colour, plated and/or 
stove enamelled. 
Please send us your enquiry. 


SOad STEEL 


COMPONENTS LTD 


Type AS.7012*. Solent series Audio Output Trans- , - oS Trinity Road, Richmond, Surrey 
former, has been designed especially for the Mullard cy. ois. anne Richmond — 
$ Valve 10 Watt High Quality Amplifier, and is capable SLEDS AEDES 


Wilkinsons ™ 


“rs 
AS 


Mera nsasis ELAM MAYEOCN CSE 





quency response (without feedback) is within 0.5 db. 
from 20~ to 25,000~, and there is appreciable response 
at SOkc/s. and above. Primary tappings for feedback 
are provided at 43% and 20% of the windings, and the 
secondary windings are suitable for 3.75Q and 15Q 


with identical characteristics on both outputs. A response 
curve, panel layout and loudspeaker connection chart 
are included with cach transformer. Priced at 49/3, it 
can be obtained through your local radio dealer, or direct 
from us, post free in the U.K. 


* This is one of twenty-two Audio Transformers in the 
Solent and Miniford series described in Gardners new 
leaflet “S/M"™, especially prepared for retailers and private 
users, which includes over a hundred standard Mains 
Transformers and Chokes. We shall be pleased to post 
you a copy upon request. 


Below is reproduced the Response Curve 
of the AS.7012 which is typical of the 
whole of the Solent Series. 


Gardners) 








NEW RANGE OF METERS 


” Moving Coil Flush Round 

a = vee o/3 amp; 0/5 amp; 0/10 amp; 0/20 
Volts; 0/40 Volts; all at 35/- each. 

2" = ag Coil Flush Round ; 

0/! Milliamp; 0/5 Milliamp; 0/10 Milliamp; 

0/20 Volts; 0/30 Volts; 0/40 Volts; all at 27/6 each. 

2° Moving Coil Flush Square 

0/3 Ampere; 0/5 Ampere; both at 27/6 each. 











GARDNERS RADIO LTD 
CHRISTCHURCH, HANTS.  7el.: Christchurch 1734 
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RELAYS 


Post Office Type 3000 
Made to your specification. 
Contacts up to 8 C.O. 


Prompt Delivery 


KEY SWITCHES 
Various P.O. types 
EX. STOCK 
High Speed Miniature Sealed Relays— 
G.E.C., S.T.C. and Siemens 
RACKS—POST OFFICE STANDARD. 6 ft. high with U-channel 
sides dritled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock. 


RESISTORS EX STOCK, IN QUANTITY WIRE WOUND, HIGH 
STABILITY CARBON ‘ET 





c., BEST MAKES AT LOWEST PRICES 


H.P. CAPACITOR even, 230/240v, 50 cycles, 1420 r.p.m., 

(& in. or § in. shaft). €5 10s., carriage 10/-. 
VACUUM PUMP & COMPRESSOR, Edwards Type !V, ¢ in. shaft, 
complete with flywheel, couplings, oil filter and union. £6 16s., post 3/6. 
BARTLETT ELECTRIC DRYING OVENS. internal dimensions 
20 in. x 20 in. x 20 in. 230 volt A.C. with adjustable thermostat giving 
automatic temperature control. Temperatures up to 160 deg. cent. 
shown on built-in gauge. Rotary on/off switch with pilot lamp. Brand 
new, €40, carriage $9 


L. WILKINSON (CROYDON) LTD. 
If LANSDOWNE RD. CROYDON SURREY 


Ph e: CRO 0839 Grams: WILCO CROYOON 
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A WHOLE HOST OF ADVANTAGES spring from the 
revolutionary design and construction of the new AEI 
‘Minitrim’ Miniature Potentiometer. The secret is that 
the element, instead of being on the outside, is encapsu- 
lated* in epoxy resin. 

So—the element cannot move under the action of the 
brush; bunched turns are practically eliminated ; oxidisa- 
tion of the track face is minimised; it is almost impos- 
sible for moisture or dust to enter; acceleration or 
vibration have no effect; heat dissipation is high because 
of the proximity of element and aluminium can. 

The Minitrim is available for individual, stack, or 
printed circuit mounting. 


* This is the ‘patented’ bit. 
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DATA 


Resistance values 50k to 10k0Nt 
Resistance tolerance +D% 
Insulation resistance 1000MQ2 at 500V D.C. 
Max. operating voltage SOV 


Wattage rating 1W at 20°C ambient 
y 0.5W at 60°C ambient 


Temperature range —40°C to 125°C 
Number of operating turns 20 approx. 
+ Values up to 20k?) will be available shortly 


DIMENSIONS 


(designed on 0.5 in. module 
Length 0.8 in. Cross section 0.4 in. x 0.4 in. 


Weight 3 gms 


ELECTRONIC COMPONENTS 


Send now for full details of the ‘MINITRIM’ MINIATURE POTENTIOMETER 


Associated Electrical Industries Limited 
Radio & Electronic Components Division 

155 Charing Cross Road, London WC2 

Telephone: GERrard 9797 


vat7/ 104 
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TRANSFORMERS 





fa 

SELECTION 
FROM 

OUR WIDE 
RANGE OF 
TRANSFORMERS. 


Your enquiries 
will be welcomed. 


AYRES ROAD, OLD TRAFFORD, MANCHESTER, (6. 


Telephone: 


TRAfford 1820, 1827/8/9. 


CW.7602 





MULTICORE SOLDER 


A 


Jery 


alelelirercterels 


ERSIN MULTICORE 5-CORE SOLDER 


The A.LD. 
Multicore ¢-one 


roved type 362 flux, incorporated in Ersin 
Solder, is very effective on heavily oxidised 


surfaces and often allows the use of a lower tin content alloy. 


Ersin Multicore 


§-Core Solder is supplied on 7 Ib. reels in 


9 standard gauges and 6 alloys. Even gauges from 24-34 s.w.g. 
are available in 2 alloys on 1 Ib. and ¢ Ib. reels. 





NATIONAL RADIO 
SHOW STAND 6 








PERCENTACE OF LEAD (meurine Power OF LEAD 327°C) 





CONSTITUTION OF ALLOYS OF 


ERSIN MULTICORE SOLDER 


The di shows that all 
the stan alloys of Ersin 
Multicore Solder have a 
oe range, i.c., on heating 
= between the 
pec and liquid states. Prac- 
tical experience has shown 
that there are advantages in 
oye a Bs range, ¢.g. 
a where the 
60140 y obviates 
} ween. which may occur 
with other alloys where there 
is slight vibration while the 
solder is setting solid. 


MULTICORE S¢{ 


EE 37 188 for further details 
ELECTRONIC ENG 


ILDERS 














PERCENTAGE oF Tin pea Pont OF TiN 2370) 


LIMITED MULTICORE 


INEERING 





WORKS 


(left) after 10,000 joints with Savbit. 
(centre & right) after 1,000 and 7,500 
joints respectively with standard tin/ 
lead alloy. 


PRINTED CIRCUITS 


Leaflet P.C.L. ror gives full 
details of a complete soldering 
= ess developed by Multicore 

boratories for printed circuits. 


SAVBIT TYPE 1 ALLOY 


Made under sole British Licence of 
Patent No. 721,881. 

Savbit Type 1 alloy was developed 
after extensive research in the 
Multicore Laboratories into the 
main causes of bit wear. It incor- 
porates a small percentage of 
copper which prevents absorption 
of copper from the bit into the 
solder alloy. After prolonged 
tests, it was found that the life of 
solder bits was increased by up 
to 10 times. The speed of solder- 
ing is not affected. 


SPECIAL ALLOYS 


4 special alloys can be supplied 

or particular purposes: 

Comsol —— a high melting point 
of 296°C. 

T.L.C. alloy with a melting point 


of 145°C is made from tin, lead 
and cadmium. 


P.T. (Pure Tin) alloy, ~ah a 
melting point of 232°C, is 
lead-free. 

L.M.P. alloy, with 2% silver 
content, which melts at 179°C 
for silver-coated components, 


PUBLICATIONS 


Laboratory engineers and technicians 
are invited to write on their company’s 
letter-heading for the latest edition 
of Modern Solders. It contains data 
on melting points, gauges, alloys, etc. 


HEMEL 


HEMPSTEAD, 


HERTFORDSHIRE 


TA 4902 
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The /R/A/C/A/L/ 


ENGINE SPEED TACHOMETER 
sets new high we | 7 : 


accuracy in jet 
engine testing 








ensuring maximum power 


On view at the BAKELITE Stand (No.24) at SBAC Show Farnborough 


The SA509 provides accurate Note these features:— 


. , : . ‘ @ Cuts down routine inspection time 
indication of engine efficiency @ Portable, self-contained unit working from aircraft 


without periodic dismantling and supply; weight 35 Ib. 
@ Enables setting of engine to give maximum power 


examination. @ Accurate readings in a few seconds 
@ Adaptable to any jet engine 
@ All printed circuits are based on copper clad 
Full details and specifications available on request. Bakelite laminate 


IR/A/C/AIL| INSTRUMENTS LIMITED 


BRACKNELL - BERKSHIRE - ENGLAND - Tel: Bracknell 941 - Grams/Cables: RACAL BRACKNELL TELEX 
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meters made to measure 


This seven-range meter, using Ernest 
Turner Model 605 was calibrated 
with special ranges by Anders 
at short notice for Elliott Brothers 

td. for the special-purpose test En 
shoton right. All the meters in t 
complex installation were meolied by 
Anders, who have the pleasure of 
carrying out similar work for a 

of famous manufacturers. 

Anders are indebted to Elliott 
Brothers for kind permission to 
illustrate this equipment. 


seven-range meter, 


including V, mV, PA, made 


for Elliott's at short notice 


The Anders Instrument Centre commands the largest stocks 
of meters in the country, unique calibrating facilities, and 
detailed knowledge of metering problems. Most standard 
meters are supplied immediately. Non-standard meters of all 
kinds, shapes and sizes, for special voltage and current ranges, 
are accurately calibrated, tested and normally ready within 
10-14 days. Makes include Avo, Crompton Parkinson, EAC, 
Elliott, Pullin, Taylor, Turner, Weir, Weston, White. Types 
include moving coil, moving iron, thermocouples, electrostatic, 
dynamometers, from 14” to large switchboard instruments, 
and complete range of accessories. Please write or phone for 
details of the Anders meter service. 


\DaRs 


ELECTRONICS LIMITED 
103 Hampstead Road, London NW1. Tel: EUSton 1639 


Contractors to GPO and Government Departments. 
Ministry of Aviation approved. 


ELECTRONIC AND TEST EQUIPMENT 
SPECIFICATIONS 


METERS, 
TO INDIVIDUAL 
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A New addition to the 
P.0.3000 TYPE RANGE 











——— “REMANENCE RELAY” 


This is a 3000 type relay capable of latching in the 
energised position after the supply is removed, 
until a suitable releasing current is applied in 
the opposite direction. This releasing 
current is controlled by two 
methods :— 

1. With a single coil, 
by reducing the operat- 

ing currentin reverse. 
2. With a double coil, 
via a pair of contacts 
employed on the relay to 
energise the second coil. 


Information on any contact 
arrangement to be em- 
ployed can be obtained on 
application 


@ Quotations by 
return of post. 

@ Prototypes 
within 48 hours. 





NOW APPROVED 
MINISTRY OF AVIATION, E.1.D. 


RELAYS Type 600 @ Polarised @ A.C. Relays @ High Speed @ 
niselectors Latching Relays @ Magnetic Counters Miniature 
Sealed Relays. Available from stock or supplied to specification. 


pack Daves (Retlays)Ld. 
(DEPT.'E'}) TUDOR PLACE 


TELEPHONES: MUSEUM 7960 








LONDON, W.! 
LANGHAM 4621 


A. C. SOLENOID type SAM. 


Now fitted with stainless steel 
guides—six times the life. 
Continuous 14 ozs. at }’ 
Instantaneous to 5} Ibs. 


Larger and smaller sizes 
available. 


Also Transformers to 7kVA 
3 Phase. 


A. WEBBER LTD. 


Phone: 65-7228/9 
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KNAPPS LANE, CLAY HILL, BRISTOL 5 


PLASTIC 
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for a 
high quality 
self-fluxing 
enamelled 
wire 


is the 
THETIC ES 


choice 


In response to the growing demand for high quality solderable superfi 

perfine enamelled wires the range of Lewcosol wires has 
now been Pmt pra down to .001 in. Manufactured under strictly controlled conditions on newly developed plant, these 
wires will find immediate application where size, solderability, and a consistently high quality are essential requirements. 





In fact the finer the tolerance, the greater 
your confidence in the precise, accurate 
measurement of your Shardlow Micro- 
meter. Constant attention to engineers’ 
problems the world over, has brought 
about refinements making the Shardlow 
Micrometer even more accurate and easy 
to read. This is featured in the Oblique 
Line Sleeve, which eliminates line reading 
errors of .025” (.5mm), and can be speci- 
fied, at no extra cost, when ordering an 
Internal or an External Micrometer, but 
be sure it’s a Shardiow — 


_a ver tHe 


SHARDLOW MICROMETERS LIMITED nee een 


EE 37 195 for further details 
SEPTEMBER 1961 g - ELECTRONIC ENGINEERING 








EE 37 196 for further details 


BRAUER “Quick Action” TOGGLE CLAMPS 
are saving thousands of man-hours 
wherever they are used in industry. 

Their fast and effortless action 
gives powerful accurate helding. 
Whether you are drilling, milling, 
welding, brazing, gluing or bonding, 
etc., in metal, wood or plastic materials. 
BRAUER “Quick Action” TOGGLE 
CLAMPS will save you time and money. 





FOR 
QUICKNESS 
AND POWER 
USE CLAMPS 
BY 


[BRAUER 














REAMING & 
COUNTERSINKING 











The illustration shows a BRAUER “Quick 
Action” TOGGLE CLAMP type T.C.70 being 
used to increase the production rate of reaming 
and countersinking. Production was in fact 
increased on this operation from 200 to 500 
per hour with the introduction of the 
“BRAUER” Clamp. 


I! Send now for illustrated catalcgue and technical 
data, to 


Dept. 14, F. BRAUER LTD., Harpenden, Herts. 


HARPENDEN 3603 
Member of the Cope Aliman Group 
Makers of Europe’s largest range of Toggle Clamps 
FWS. 
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\ew! 
Dramatically Ditrent! 


NEW . . . COMPACT 
TRANSISTORISED ASSURES 
EFFICIENCY, RELIABILITY 

EXTREME ACCURACY, AND 
AUTOMATIC CONTROL 


The Farnell Transistorised ‘‘Hilo-meter’’ is a self-contained 
complete with amplifiers, relays, etc. The plug-in-amplifiers 
embodied in one unit of the same diameter as the barrel of « 
meter, and consequently are mechanically fitted as an extensior 
the back of the meter case. 

The Farnell ‘‘Hilo-meter’’ can continuously indicate elect 
variables, and with the provision of high and low limit cont 
with automatic controi in one instrument, it has very many app 
tions as a controller of Industrial and Electrical measuring syst« 


Our Sales Engineers are resident throughout the United Kingdom 
will be pleased to call and discuss our equipment with you. 


% SEND FOR LEAFLET 
FARNELL INSTRUMENTS LTE 


LIGHT INDUSTRIAL ESTATE . YORK ROAD 
WETHERBY . YORKSHIRE 
Telephone: Wetherby 2691 2 





SEPTEMBER 1‘ 


Fascies ‘ ar 
TRERSrrecer rane Ae s 


oe 
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designed for peak performance with economy... 


RANGE 400V range .001—.47uF 
AVAILABLE 125V range .01— 1uF 
30V range 01— .ipuF 


SMALL PHYSICAL SIZE 

HIGH WORKING TEMPERATURES 
CLOSE CAPACITANCE TOLERANCE 
HIGH INSULATION RESISTANCE 
FULLY TROPICALISED 

COST SAVING 


Write to Mullard House 
for leaflets giving 
full technical details 


Eocene 
MULLARD LTD - COMPONENT DIVISION - MULLARD HOUSE - TORRINGTON PLACE ~- LONDON W.C.1 
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BRAUER “Quick Action” TOGGLE CLAMPS y ' 
are saving thousands of man-hours V n'y 
wherever they are used in industry. : 

Their fast and effortless action . he 

gives powerful accurate helding. | ) “) TP) o f | ) i 
Whether you are drilling, milling, dl . l it I al \ | ( ‘Nt Nt 
welding, brazing, gluing or bonding, ’ 
etc., in metal, wood or plastic materials. 
BRAUER “Quick Action” TOGGLE 
CLAMPS will save you time and money. 





FOR 
QUICKNESS 
AND POWER 
USE CLAMPS 
BY 


[BRAUER 
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NEW . . . COMPACT 
TRANSISTORISED ASSURES 
: EFFICIENCY, RELIABILITY 
REAMING & | | EXTREME ACCURACY, AND 
COUNTERSINKING AUTOMATIC CONTROL 


The Farnell Transistorised ‘‘Hilo-meter’’ is a self-contained unit 
complete with amplifiers, relays, etc. The plug-in-amplifiers are 
The illustration shows a BRAUER “Quick embodied in one unit of the same diameter as the barrel of the 
Action” TOGGLE CLAMP type T.C.70 being meter, and consequently are mechanically fitted as an extension to 
used to increase the production rate of reaming the Taek of the meter <ase. 

pee 5 “abi ‘ ie ae ae The Farneli ‘‘Hilo-meter’’ can continuously indicate electrical 
and countersinking. Production was in fact variables, and with the provision of high and low limit contacts 
increased on this operation from 200 to 500 with automatic control in one instrument, it has very many applica- 
per hour with the introduction of the tions as a controller of Industrial and Electrical measuring oms. 
“BRAUER” Clamp. 











Our Sales Engineers are resident throughout the United k 
Send now for illustrated catalogue and technical will be pleased to call and discuss our equipment with you 


ce x SEND FOR LEAFLET 


Dept. I4, F. BRAUER LTD., Harpenden, Herts. 
HARPENDEN 3603 FARNELL INSTRUMENTS | 


Member of the Cope Aliman Group LIGHT INDUSTRIAL ESTATE . YORK ROAD 


Makers of Europe’s largest range of Toggle Clamps WETHERBY . YORKSHIRE 
f - g ge of Togg P Telephone: Wetherby 2691/2 
FWS. 
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RANGE 400V range .001—.47uF 
AVAILABLE 125V range .01— 1uF 
30V range O01— .1puF 


SMALL PHYSICAL SIZE 

HIGH WORKING TEMPERATURES 

CLOSE CAPACITANCE TOLERANCE 

HIGH INSULATION RESISTANCE 

FULLY TROPICALISED tists tas Miiaeed Senne 


for leaflets giving 
COST SAVING full technical details 


Eaton 
MULLARD LTD - COMPONENT DIVISION - MULLARD HOUSE - TORRINGTON PLACE ~- LONDON W.C.1 


SEPTEMBER 1961 ELECTRONIC ENGINEERING 





EE 37 199 for further details 


STABILIZED POWER UNITS for bench or rack mounting 


A.31 Mk. Il 


OUTPUTS :— 0-250V., 50mA. in one sweep 
(Ripple < 1-OmV. r.m.s., impedance < 3.0 2) 
150V negative bias at 1.0mA. 
6.3V—2 amp. A.C. 





HERE ARE TWO ist GRADE POWER UNITS SUITABLE FOR A VARIETY OF 
APPLICATIONS IN LABORATORIES, TELEVISION AND BROADCASTING 
EQUIPMENT, COMPUTORS AND COMMUNICATIONS EQUIPMENT. THEY 


ARE PRECISION BUILT AND CONSERVATIVELY RATED FOR YEARS OF 
TROUBLE-FREE SERVICE. 





OUTPUTS:— 0-500 V at 250 mA in three ranges 
(Ripple <1.0mV r.m.s., impedance < 0.52.) 
250V negative at 0-50mA 
(Ripple <1.0mV r.m.s impedance <0.5 22) 
0-250V negative bias at 1.0mA 
6.3V— at 4 amp. A.C. 
6.3V—at 2 amp. A.C. 

AVAILABLE DELIVERY: EX STOCK 


Write for information leaflets to :— 
BOULTON PAUL AIRCRAFT LIMITED - 
A MEMBER OF THE DOWTY GROUP 





ENCAPSULATE WITH 














" ECONYFILL’ = 
memes | MILTOID SALES 


ILTERED 


DIVISION 
BX PLASTICS LTD. 


The British Xylonite Group. 


STOCKISTS OF 


BX 
POLYSTYRENE 


Clear Crystal Standard Commercial Quality 


A first-class rigid insulating material, supplied 
ex-stock in sheets and rods in a range of 
thickness and diameters. 


Information and guidance on manipulation, 
machining and cementing available on request. 


34 Royal College Street, London, N.W.1. 
ENGLISH GLASS COMPANY LTD ‘Phone: EUSton 4146 ‘Grams: Celudol Norwest London 





ase 
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With this new range of miniature polystyrene capacitors for which all TMC capacitors have earned in face of stern 
transistorized and other low voltage circuits, TMC provides competition over many, many years. Very competitive in 
circuit engineers with a major “breakthrough” of four price (with appreciable quantity discounts). A range of 
barriers: size—performance—delivery time—price. These preferred values available immediately from a large stock. 
outstanding new miniatures will considerably enhance Our sales staff are eager to be of service—so send now for 


the already impressive reputation for consistent reliability detailed quotations. 





Dimensions in inches 


Catalogue No. Capacitance in uF —-- —~-— - 
Length Dia. Max. 





SM.125695 0.0005 — 0.001 
SM.125696 0.001 — 0.007 
SM.125697 0.007 — 0.025 
SM.125667 0.025 — ©.1 
SM.125668 0.1 — 0.2 
SM.125669 | 0.2 — 6.5 





ole ole 


om si" 





“a «A 
“- —| 





nie of 








i 


WKG. VOLTAGE 50V. DC. TEST VOLTAGE 75V. DC. Smaii enough? 
INSULANCE 750,000 MQ) or 250,000(Q)F whichever is the smaller. fi : ea aren 
POWER FACTOR > 0.001 at ikc/s. TEMPERATURE 70°C. MAX. Actual size picture of one of the 
CLOSEST STANDARD TOLERANCE - 1%. (Closer tolerances may new TA: Pyayseme Capecwars: 
be obtained by selection but a definite price advantage results from SM. 125695 capacitance 0.0005.F 
specifying the widest tolerance acceptable) 


TELEPHONE MANUFACTURING COMPANY LIMITED 


Capacitor Division 
Sevenoaks Way - St. Mary Cray - Orpington- Kent- Telephone: Orpington 26611 





> 
A MEMBER OF THE Qa GROUP OF COMPANIES 
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Brush or spray 
the Ohms or Mhos! 


Ohms and Mhos (and ‘puffs’ too!) have gone into suspen- 
sion—in Foliac Colloidal Graphite Dispersions. You can 
spray them or brush them, inside or out, to provide high 
resistance paths, low resistance paths, capacitor effects, 
screening or ‘earth’. These are the facilities the Foliac Col- 
loidal Graphite Dispersions, so simply applied, bring to the 
electronics industry. From C.R. tubes, thermionic valves, to 
simple resistor contacts. Recent laboratory developments 
enable us now to offer metallic dispersions incorporating 
silver and copper powders for applications where maximum 
electrical conductivity is required. Name the use of a con- 
ductive coating and the answer is ‘Foliac’. If you have a 
problem involving a conductive film, remember Foliac 
research is at your service. Why not ask our representative 
to call or write for further details? 


FOLIAC 


COLLOIDAL GRAPHITE DISPERSIONS 


M4 GRAPHITE PRODUCTS LIMITED 


A Member of The Morgan Crucibie Group 


POINT PLEASANT - WANDSWORTH - LONDON S.W.18 
TELEPHONE: VANdyke 6422 
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LUCO “GS” Wire Strippers 


Strips thermoplastic & rubber insulation without effort 


No damage to 
cable core or 


wire screen 


ERSA SOLDERING 
APPLIANCES 
Minitype SOLDERING NEEDLES (10, 
20, 30 W), ELEMENTS EASILY 
INTERCHANGEABLE, SOLDERING 
PENCILS (20, 30, 40W) WITH 
ERSADUR EVERLASTING BITS. 
SOLDERING BATHS 
Comprehensive Tool 


WT Range for the Electronic 


industry, especially Box Joint Pliers and 
Cutters, including Tip-cutting Pliers, 
Printed Circuit Crimping and Cutting 
Pliers, Wire Strippers, Inner Core 
Ejectors, Torque Wrenches, Piercing 
Punches, 


Apply for Catalogues EE 


WELWYN TOOL 


Co. LTD. Stonehills House 
Welwyn Garden City * Herts. 


hone: Welwyn Garden 25403 





NOAA 


Nae MRI RP HOS 

















THE NORTHERN POLYTECHNIC 


HOLLOWAY ROAD, LONDON, N.7. 
Principal: J. Leicester, M.Sc., M.Sc.(Tech.), Ph.D., F.R.1.C. 


Department of Electronics and Telecommunications 

Head of Department: J. C. G. Gilbert, Assoc.I.E.E., M.Brit.I.R.E., F.T.S- 
Full-time Day, Part-time Day and Evening Courses in 
Telecommunications Engineering in preparation for the 
Northern Polytechnic Diploma in Electronics and Tele- 
communications, the Graduateship of the British Institutian 
of Radio Engineers and the City and Guilds of London 
Institute Telecommunications Technicians’ Course and 
Supplementary Studies for the Full Technological Certificate. 
Full-time 2 year course in Radio and Television Servicing, 
also part-time day release and evening classes are held in 
these subjects in preparation for the City and Guilds of 
London Institute and the Radio Trades Examination Boards’ 
Certificates. 


The Supplementary Studies covered are: 
Advanced Telecommunications and Electronic Principles 


Radar and Radio-Navigational Aids 


Sound Broadcasting 
Television Broadcasting 
Digital Computors 
Computers 
Audio 
Pulse Circuit Analysis 
Colour Television Engineering 
All the above courses include practical lab 
London fees: £30 per year, or £11 per term, plus £2 registra- 
tion fee, for full-time courses. (No fee for students under 
18 years of age.) 
Evening class fees range from 40/- to 55/-. 
Enrolment for day classes by appointment. 
Enrolment for evening classes, 5.30-7.30 p.m., 19th and 20th 


September, 1961. New term commences 25th September, 1961. 
Prospectus free on application to Secretary. 


y and workshop experience. 
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A ioe 100 AND 80 AMP 
; SILICON-CONTROLLED RECTIFIERS 
FOR MOTOR CONTROL, HIGH-POWER STATIC SWITCHING, SERVO SYSTEMS, 
HIGH-POWER INVERTORS, AND REGULATED D.C. POWER SUPPLIES. 


ADVANCE INFORMATION 


OUTSTANDING FEATURES 


* HIGH POWER (TENS OF KILOWATTS) CAN BE CONTROLLED BY LESS THAN 2 WATTS * LOW FORWARD 
VOLTAGE DROP—THUS HIGH ELECTRICAL EFFICIENCY * RUGGED ENCAPSULATION * HERMETIC SEAL 
* HIGH-EFFICIENCY HEAT SINK MOUNTING 


100-AMP TYPES CR100- 21 51 71 101 1651 201 2651 301 





Peak Forward Working Voltage (Volts) 50 150 
Peak Reverse Voltage (Volts) 50 150 
Max. Mean Forward Current (Amps)* 100 100 
Max. Recurrent Peak Forward Current (Amps) 500 500 
Max. Forward Voltage Drop at 350 Amps Peak (Volts) 2 2 
Max. Trigger Firing Current Required (Amps) s 0.4 ‘ . 0.4 
Max. Trigger Firing Voltage Required (Volts) 4 4 
Max. Peak Trigger Current (Amps) 2 2 
Max. Mean Trigger Current (Amps) ‘ 0.6 ‘ . 0.6 
Peak Forward Trigger Voltage —anode + ve (Volts) 10 10 
Peak Forward Trigger Voltage —anode —ve (Volts) J 0.25 3 . 0.25 
Peak Reverse Trigger Voltage 5 5 


80-AMP TYPES CRS80- 


Peak Forward Working Voltage (Volts) 

Peak Reverse Voltage (Volts) 

Max. Mean Forward Current (Amps)* 

Max. Recurrent Peak Forward Current (Amps) 
Max. Forward Voltage Dropat350 Amps Peak (Volts) 
Max. Trigger Firing Current Required (Amps) 

Max. Trigger Firing Voltage Required (Volts) 

Max. Peak Trigger Current (Amps) 

Max. Mean Trigger Current (Amps) 

Peak Forward Trigger Voltage — anode + ve (Volts) 
Peak Forward Trigger Voltage —anode—ve (Volts) 
Peak Reverse Trigger Voltage 

*Ataconduction angle of 180° and base 
































temperature of 50°C. 


Frequency: The ratings given apply without derating to Temperature: The provisional curve for derating with tem- 
sine wave operation up to 3 Kc/s. perature is shown below. 


FEATURES 


Encapsulation All AEI Silicon-Controlled Rectifiers are Fe 
hermetically sealed in metal glass enclosures back- 
63 





PLEASE DON'T TEAR OUT THIS 


filled with dry inert gas to ensure long life in all environ- avenues 


ments. Others will want to see it. If you 
Mounting The CR100 and CR80 are mounted on a sub- \ would like to have full details of 


stantial nickel plated copper base providing efficient these, or any other AEI electronic 


thermal and electrical contact. A fixing ring is pro- 4 , py emigre | po ay on 


vided with each controlled rectifier. HOLE at the address below. Data sheets 
Dimensions for all types are as shown on the right. | 040 DIA with detailed infor- 

mation will be sent 

to you without 

1007 charge. 


807, DON'T DELAY—write 
607 now and be sure of 

- receiving latest news 
40% of these and other AEI 
F components as they 
20% ' become available. 




















Maz. mean current as a 
percentage of maz. mean current 


0 10 2 30 40 50 60 70 80 9 100 "0 120°C 
BASE TEMPERATURE 








at 50°C base temparature 





4 -t-feleir-h4-1e Mm —ai-leiialer-| Mm ialelel-jqal-t-m Milealia-te 


ELECTRONIC APPARATUS DIVISION, VALVE & SEMI-CONDUCTOR SALES DEPT. 


CARHOLME ROAD - LINCOLN - TEL: LINCOLN 26435 
AS671 


SuHaIdsIL9DIN 
oF mmler- Be. felon. lelelmit— 


O04 
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STABILISED D.C. POWER SUPPLY UNITS 


Chokeless, Open-Chassis 
Type. Paper Capacitors 


D.C. OUTPUT: Four sizes available, 200 mA output 
+150v, +200v, +250v, +300v, pre-set 
by an adjustable internal potentiometer. 


STABILITY: With mains variation +10%, <0.06%. 
RIPPLE: <2mV R.M.S. 

A.C. OUTPUT: 2x6.3v 3A centre tapped unstabilised. 
INPUT: 200/250v in 10v steps 50/60 c.p.s. 


TRANSFORMER: Open type ‘’C’’ core to R.C.S. 214 by 
FRASER SPELLER TRANSFORMERS 
LTD. 


DIMENSIONS: 9° x 84” x 7” high. 


Non standard voltages can be supplied if required. 
Prices are extremely competitive and special discounts are offered for quantities. 
Write for detailed List No. 1454 which will be posted by return. 


FRASER, SPELLER TRANSFORMERS LIMITED 
Electronics Division, Sydenham Road, Sydenham, London, S.E.26. 
Telephone: SYDenham 8818/9 








PLASTIC MOULDING 


Ax Co-Ordinators we are comprehensively PRODUCT DESIGN 
equipped to carry out major programmes, for TOOL DESIGN & MAKING. 


any Industry, of Manufacture, Research and PRODUCTION. 
Development of Precision Mouldings in all types FINISHING AND 


of Plastic Materials. DELIVERY (On Schedule Too!) 


A Complete Service—AT YOUR SERVICE 


The CO-ORDINATORS SERVICE (cxcimecrinc) LTD. 


SHADY LANE - BIRMINGHAM 22A Telephone: Great Barr 4237 


INJECTION 

CONTRACTORS TO THE G.P.O. COMPRESSION—BLOW 

AIR MINISTRY, WAR OFFICE AND SRVOUSISH—StOw Pees 
SPRAYING—PRINTING & 
EMBOSSING. 


MAJOR INDUSTRIAL ORGANISATIONS 
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This new counter is fast, 
compact, reliable-costs less 


Series F.43 magnetic counters 


will operate up to 

3,000 counts per minute 
—are reliability proved over 
400 million operations and, 
even with electrical reset, 
are smaller than 

most counters 


of comparable performance. 


Unequalled electrical and mechanical 
flexibility is now available at a price 
competitive with lower performance 
counters. Six digit indication, optional 
pushbutton or electrical reset and a 
wide selection of preferred operating 


voltages minimise application problems. 


Comepact size, plug-in diecast construc- 
tion, socket-box dovetailing design and 
flush 
installation 


accessories such as optional 
mounting frame _ simplify 
and offer unequalled flexibility for 
individual or multiple installations in 


desks, panels and mimic diagrams. 





Flexibility shown by plug-in flush mounting and dovetailed stack 





The Hengstler Series F.43 electro-magnetic counter (patents pending) is manufactured in Western Germany by J. Hengstler K.G., Sole agents for this counter in the U.K. are 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


co.! RUGELEY - STAFFORDSHIRE - 


SEPTEMBER 1961 


M Metal Industries Group 
Manufacturers of the world’s widest range of industrial electronic control equipment 


ENGLAND 
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GENERAL PURPOSE 
TWO TRAGE 
OSCILLOSCOPE 





A WAVE GUIDED 
ee 


. a radar wave directed through a 
complex layout, often in restricted space, 
call in “‘Waveflex’—a unique advance in 
waveguide technique. In the ‘Waveflex’ 
Model 2/130 is one of a very wide J L range of Flexible Waveguides are the 
range of this type of equipment which answers to a hundred-and-one problems of 
we are able to supply. Please advise complicated waveguide plumbing. 
us your requirements, or ask for The three types of WAVEFLEX Flexible Waveguides— 


fully illustrated literature. e Twistable—fiexible in E and H planes, 
s and twistable about the longitudinal axis. 
SSSSSEESEB Bee eeeeeeeeseees ee in E and H 
© . 
Premoulded Twisted—fiexible in E and 
H planes, with a built-in longitudinal twist. 
Premoulding relieves the end connections 
of all twisting stresses, and the angle of 
twist can be much greater than with 
ordinary twistable guides. 


& 

cd 

& 

a 

we 

gz 

es 

e Manufactured under exacting scrutiny 
© and tested to strict Government 
x specifications. 

* Ideally suited for use in pressurised 
o systems, remain stable when bent or 
i twisted, unaffected by extremes of 
ry temperature. 

® Performance covers a broad band. 

2 ‘Type approval’ has been given by the 
s Royal Radar Establishment and the 
Admiralty. 

® 

* 

* 

a 

e 

oa 

2 

a” 

e 

aa 


See the Wavefiex guides are available in a range of 
Gabriel Exhibits | lengths 3” to 36” fitted with standard 
on Tecalemit | flanges. Special lengths and flanges can be 
Stand 177 made to order. An additional range of 
S.B.A.C. short guides, under 6", are particularly 
FARNBOROUGH | US¢ful as malalignment units and vibration 
decouplers. 





jon max. ‘ro cm 


DC-3 mc/s and DC-10 Mc/s 
DN 6s ccna tekedasnscipste 0.12 usec and 0.035 usec 


X Amplifier Frequency 
range (3 db Ee DC-2 Me/s 


0.16 use. approx. 
Time base sweep Frequency range ........ 0.1 c/s—1 Mics 











Write for full technical details to:— 


GABRIEL MANUFACTURING CO ‘TD 
D.LA. CLleksrovecinié | BERLIN Newton Road, Torquay, Devon. 
GERMAN DEMOCRATIC REPUBLIC Telephone: Kingskerswell 3333 


Apply to Sole Agents for U.K., Canada, Australia, New Zealand, A MEMBER OF THE TECALEMIT GROUP OF 
Singapore, Malaya, North and South Rhodesia, Nyasaland, Portugal. 


TELEMECHANICS LTD WAVEPLE 


Telemax Works, Brokenford Lane, Totton, 


meareument Cables’ Teleset™ fotton, Southampton FLEXIBLE AND TWISTABLE WAVEGU! 
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TRANSISTOR MULTITESTERS 


TYPE TMI can be used for a variety of measurements 
including: the A.C. current gains of PNP and NPN tran- 
sistors at | kc/s; the leakage currents of diodes and tran- 
sistors at 9V; the values of resistances, D.C. and audio 
voltages. 


Price with batteries eg ia ida hi £33. | 6. 


TYPE TMI-30 also measures leakage currents at 30V with 
all the supplies from internal batteries. 


Price with batteries .. ... ... .. £37.0.0. 
TRANSISTOR TESTERS 


These instruments measure the D.C. current gains of PNP and NPN transistors, the values 
of resistances, the leakage currents of diodes, transistors, and low voltage electrolytic 
condensers. 


TYPE TM4 TYPE TMS 
Collector Current Ranges : 0.1, 1, 10, 100mA 0.5, 5, 50, 500mA 
Current Gain Ranges : 100, 200, 500 100, 250, 500 
Resistance Ranges > 0-200k, 0-2MQ 0-50kQ, 0-500k2 


Price with batteries : £19.10.0 £17.0.0 
TRANSISTOR R. C. OSCILLATORS 


Continuous frequency coverage from 1|.5 c/s to 150 kc/s in 5 ranges at decade intervals. 
Accuracy +3%+0.15 ¢/s. 

Distortion on sine waves <0.1°, at | ke/s, <0.3% from 50 kc’s to 15 ke/s and <1.5% at I.5c/s 
and 150 kc/s. 

Output continuously variable up to 2.5V. Attenuator steps at —20dB, —40dB, and —60dB. 
Output level constant within 1° over whole range. Rise time on square waves only 1% of 
periodic time plus 0.2us. 


TYPE TGISO TYPE TGISOM TYPE TGIS5SOD TYPE TGI5ODM 
Output Waveforms : Sine only. Sine only. Sine and Square. Sine and Square. 
Output Meter : None. 0-2.5V and dB None. 0-2.5V and dB. 


Price with batteries : £27 £36 £29 £38 


LEVELL| * PORTABLE INSTRUMENTS « | LEVELL 
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TRANSISTOR A.C. MILLIVOLTMETER 


Measures from 50uV to S00V on I2 ranges starting at |.5mV f.s.d. Accurcay 14% at f.s.d. 
Response + 3dB from 6 c/s to 250 ke/s and +0.1dB from 30 c/s to 30 kc/s. Low noise level. 
Input impedance 1.8MQ and 20pF on 1.5V to 500V and >0.5MQ with <65pF on I.5mV. 
Gain variable up to 80dB as a low distortion amplifier with up to 2V output. 


TYPE TM2B ...._~—— Price with batteries and low capacity lead ... .. £36.0.0. 


DECADE RESISTANCE BOX 


Range 102 to 111,100 in 4 decades. Contains high stability cracked carbon resistors. 
Accuracy +1%. Power rating 3W at 43° C. Metal case with shield terminal. 


TYPE R410 on Price 


* 


Fully detailed 
leaflets available 
on all instruments. 


* 


LEVELL ELECTRONICS LTD 


THE TRADING ESTATE, PARK ROAD, BARNET, HERTS 
BARnet 5028 


SEPTEMBER 1961 


£12.10.0. 
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rAPAN 


ECTRONIC 


You are cordially invited 
to the only and largest 
exhibition of Japanese 
Electronic Components. 


th Annual 





and Micro-Modules. 


CABLE ADDRESS: 





OCTOBER 17 ~ 22, 1961 
AT TOKYO TRADE CENTER 


See the latest development in quality products including Semi-Conductors 


ELECTRONIC INDUSTRIES ASSOCIATION OF JAPAN 


TOSHO BLDG. 14, MARUNOUCHI-3-CHOME, TOKYO, JAPAN 
“ELINDASO” TOKYO TEL: (211) 2765~9 











Q-MAX SOLE LONDON 
SHEET METAL PUNCHES 


ELCOM 


MINIATURE 
MULTI-WAY PLUGS 
AND SOCKETS 


A full range of connectors from 2 to 
TWO NEW SIZES 33 way, proven in use by the 


ide in. ; electronic industries of the world. 


Ife in. 





(Keys 1/6 each) 


LIST OF ALL SIZES AND 
PRICES ON APPLICATION 








Ti Q-MAX 5” 
MODEL G.D.0.-2 
GRID DIP OSCILLATOR 


An ideal instrument for the deter- 
mination of tuned circuit resonant 
frequency, tuning transmitters 
ieee application of power, for 
the determination of coil mutual 
and stray inductances and both 
fixed and stray capacitances. Covers 
1.5 to Mc/s in eight ranges. 
Built in mains pack. 

i 15 Gas. os. Complete. 


28 HIGH ee LONDON, W.C.i 


—METWAY— 


TERMINAL BLOCKS 


— 


WITH SHROUD 


&. 


INSULATED 
LINE TAPS 


PLASTIC CABLE BANDS 
Sizes: 2%’, 5'2°, 6%", 7% 


1-12 WAY 5-100 AMP 

P.V.C., NYLON , RUBBER, 
PORCELAIN, BAKELITE. PACKING GLANDS 
Brass, Nylon, Diecast 


For full details ask for Cat. No. NBG OHS EG 











el.: HOLborn 6231/2 
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ARSENIC 


This very pure arsenic is available to the electronics industry 
as COMINCO 69 GRADE. It is ideal for use in compound 
semi-conductors and is available in the form of dense 
crystalline pieces of random size generally less than 2 cm. sq. 
by 0.5 mm. thick. The product is available in 25,50 and 
100-gram lots vacuum sealed in pyrex ampoules. Ampoules 
containing specific quantities can be supplied on request. 


es Elements detected spectrographically total 1 to 2 ppm. and 
an sulphur content is less than 0.1 ppm. 

Bee 69 GRADE ARSENIC is one of a number of pure metals 
Seg produced by the CONSOLIDATED MINING AND 


SMELTING COMPANY OF CANADA LTD., to meet 
the exacting requirements of the semi-conductor industry. 
Other pure metals available include Antimony, Bismuth, 
Cadmium, Indium, Lead, Silver, Tin and Zinc. 


and Europe from: 


& COMPANY LIMITEDO 


san TTT aT 


2, METAL EXCHANGE BUILDINGS, LEADENHALL AVENUE, LONDON, E.C.3. é 


Henry Gardner & Co. Ltd., offer full technical services, Le ANsion : LONDON 28547. 
supported by the Research Division of the producers. [igs beaten wha =. | 


eS = "hr a 





WB clothing—-specially designed for 
conditions where non-lint-shedding materials 
are essential—is described in a special 
section of the new WB catalogue. Included 
also are details of Kil-burn proofed overalls 
—oil, dust, acid and water proof. Send 
now for your copy of the catalogue. 


Tiliiiy 
» = anna 


| 
! 
J 














KEEP MINIATURE COMPONENTS 
AND STOCK TIDY WITH 
SMALLBONE STORAGE CABINETS 

















There ore fifteen | Smailbone Storage Cabinets 
combinations | ore used by many leading 
of Smalibone Units | industrial concerns including ; 
to ensure that there | M.O.S. Above: RUSSELL. In Terylene and nylon 
is a cabinet to | G.E.C. monofilm fabric Russell curt can be supplied 
suit your needs exactly. C4 with zip or buttoned front and with special 
Neat ond practicol | UNITED KINGDOM hip pockets. Waist and wrists are 
these steel, well made | ATOMIC ENERGY AUTHORITY elasticated and ankle cuffs button over 
cabinets are the oo ROYCE LTD. protective gussets. 
money-saving answer YAL NAVY Right: HILTON. In Ter and nylo 
to miniature component | ENGLISH ELECTRIC LTD. this garment buttons at co gh od oad 
storoge. | POST OFFICE under the arm. It has two shaped skirt 


Drawer sizes 6 in. long x 3 in. wide x 1} in. deep peewee mat aed pay yg hes std 


or— 6 in. long x 3 in. wide x 23 in. deep generous back underwrap to give 
| All Models (A) & (B)—Trade Price £1000 protection to the wearer. 


__ J All Models (C) —Trade Price £334 
(Delivery Ex. Stock) WB WHALEY BRIDGE 
Write now for illustrated catalogue from: 
SOLE MANUFACTURERS AND PATENTEES MANUFACTURING CO. 
Whaley Bridge (via Stockport, Cheshire). Tel: Whaley Bridge 73 
SMALLBONE & SON SERVICE STATION LTD. London Office. 205 Regent 3. w.i. Ter: ph 1919. Fi 


116 RADDLEBARN ROAD. SELLY OAK, BIRMINGHAM 29 Telephone: SELiy Oak 0080 


— 


Model C 





ee ee ee ee 


cr 
1 
1 
{ 
| 
l 








dm WB.30 


EE 37 217 for further details EE 37 218 for further details 
SEPTEMBER 1961 ELECTRONIC ENGINEERING 











EE 37 219 for further details 


FULLY TYPE APPROVED SILVERED MICA CAPACITORS 


Type CMM1-G 

Available in preferred values 
from 10pF to 1500pF to 
tolerances of 2%, 5% and 
10%. Dimensions +4" x 
te" %". Fully type ap- 
proved to RCS 132 category 
“A” Class H.1. 





types 


TO RCSI32 CAT. ‘*A’’ CLASS H.! 


Type CMM3-Y 

Available in preferred values 
from 470pF to 10,000pF to 
tolerances of 2%, 5% and 


C M M1 " G 10%. Dimensions 14" = #” 
CMM3-Y 


x fy”. Fully type approved 
to RCS 132 category “A” 
Class H.1. 








Send for full details and list of interservice reference numbers to:- 








A SUBSIDIARY OF 


CAPACITORS LTD., PARK ROAD, DISS, NORFOLK 
Diss 2289 


LONDON OFFICE: 551 HOLLOWAY ROAD, N,1I9 


Archway 0015 


COMPONENTS LIMITED 








EL ES TA PRECISION COLD CATHODE TUBES 


Do you have to stabilize voltages? 


ELESTA stabilizers and voltage reference tubes offer you high precision, large current 
ranges (0.5 to 80 mA) and small differences between the stabilized voltage of different 
tubes. There is no need to adapt circuits to individual tubes. The sub-miniature 
stabilizers are only 1.3” x 0.32" dia. 


ALL ELESTA TUBES HAVE PURE MOLYBDENUM CATHODES 

WHICH ALONE INSURE VERY PRECISE AND CONSTANT 

CHARACTERISTICS OVER A VIRTUALLY UNLIMITED OPER- 
ATING LIFE 


Write or phone NOW for practical and proven circuits and technical information about 
ELESTA cold cathode tubes. 





—Ga 


1.3” x 0.32°¢ 
Sub-Miniature Stabilisers 





E. ES 13 
Max. Anode breakdown voltage. . 35 250 370 V 
Stabilized Voltage as ‘ 298 V 
Anode Current Range , ms .5- 5- 1.5-6 mA 
Internal Resistance v2 700 ohms 


BRITEC LIMITED 


17 Charing Cross Road, London, W.C.2. Telephone ; WHitehall 3070 
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NYLON Screws 


In B.A. Sizes 5/16"—1" Long 
INSTRUMENT & CHEESE HEADS 


THE QUALITY IS UNSURPASSED 
GOOD DELIVERIES 


SAMPLES & PRICES ON REQUEST 
GRICE & YOUNG LTD., precision encrs. 





despatched same day as receipt | SEND FOR YOUR COPY 


PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 
108a) now available. Covers 
small and medium solid core 


types including new types 


uick Delivery— 
@ 4 45, 35, 36 and 37 


Solenoids are normally 


of order NOW 





LIOR SOLERO EMS MADON LILLE SW OT SN Oe RE CN 


CHRISTCHURCH, HANTS. TEL. : 636-7 














PHILLIPS CONTROL (G.B.) LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 
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THE Fielden. UA Mliaiaiee Sensitive to one hundredth part of 
one thousandth of an inch..... 


The Fielden Proximity meter is an extremely versatile instrument, enabling 
observations to be made in research and industry which would otherwise be 
impractical. It can be used as a concentricity gauge, micrometer, vibration meter, 
dielectric comparator and for pressure measurement, etc. Small capacitance changes 
due to physical displacement or dielectric change can be detected with a —- 
degree of sensitivity, indispensable in the field of micro-measurement. o 
laboratory or test department 

should be without one. 


measures ~~ 3 FREE 


28 PAGE BOOKLET 
without 

Write today for this 
. informati booklet— 
physical contact ~o rata ies 
ment in Research and 
Industry,” Publication 
225/EE, giving full appli- 
cation information and 

technical data. 


ALSO AUSTRALIA, ITALY AND CANADA. Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON & CO., LTD.) 


Recording 
Agents throughout the world. 


Control 


FIELDEN ELECTRONICS LTD.: WYTHENSHAWE, MANCHESTER. Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester. i Indicating 


AND DUBLIN 











TAKE-UP and WINDING UNITS DRUMPACK WINDERS 
with automatic adjustment for with traverse gears 
UNIFORM TENSION and CONSTANT SPEED adjustable for different size packs. 


Sr Winding Speeds up to 800 ft/min. 
en ee ae AU MAN N Single Units & Multiple Assemblies. 


Sole U.K. Agents: 


R. H. COLE (OVERSEAS) LTD. 
2 Caxton Street, London, S.W.! 
Tel: ABBey 306! (10 lines) 





COIL-WINDING —@ 
MACHINES 


TAKE-OFFS 
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WHY PICK ON US? 


« «+ @ question with many answers) 


BEGAUSE WE'RE FRANK ABOUT DELIVERY. 


You get an honest answer to your enquiry and you get it promptly. 
Right now, we are very busy, but that does not mean that we cannot 
take on your work. We suggest that you give us a chance... and 
you can be sure that whatever delivery promise we make will be kept. 


For fuller details of this unique service please contact Leslie D. 


Izzard, Planning Director. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 


View of the Broxlea Works—— 14,500 sq. ft. of ultra modern factory 
space, 15 miles fromcentral London on the A 10 road toCambridge. 


BROXLEA PRODUCTS LIMITED (A.1.D. approved) 
BROXBOURNE, HERTS Hoddesdon 4455 


ELECTRONIC ENGINEERING 


Trusted by the people 
you trust 


Below are some famous names 
—firms who entrust work to 
Broxlea, and who have kindly 
permitted their names to appear: 


Associated Electrical 

Industries Ltd. 

Bell Punch Co. Lia. 

Brayhead Ltd. 

Bristol Aircraft Ltd. 

E. K. Cole Lid. 

Cossor Radar & Electronics Ltd. 
Dewhurst & Partner Lid. 
Elliott Bros. (London) Lid. 
E.M.1. Electronics Ltd. 


Enfield-Standard Power 
Cables Lid. 


English Electric Aviation Lia. 
Evershed & Vignoles Lid. 
General Electric Co. Ltd. 


General Precision 
Systems Ltd.—Air 
Trainers Link Division 
Ilford Ltd. 


International Computers and 
Tabulators Ltd. 


Lansing Bagnall Lid. 
Magnetic Devices Ltd. 


Marconi’s Wireless 
Telegraph Co. Lid. 


Microcell Ltd. 


The National Cash Register 
Co. Lid. 


Pye Lid. 

A.V. Roe & Co, Lid. 
Rotax Lid. 

Sangamo Weston Lid. 


Standard Telephones & 
Cables Lid. 


Telephone Manufacturing 
Co. Ltd. 


Texas Instruments Lid, 


Tube Investments (Group 
Services) Ltd. 


Witton-James Lid. 
you will be in good 


company if you, too, 
trust Broxlea. 
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TRACE ANALYSIS 
EQUIPMENT 


DOBBIE McINNES ELECTRONICS LTD 
4 THE MOUNT, GUILDFORD, SURREY. 55 KELVIN AVE., GLASGOW, S.wW.2 
GUILDFORD : 66385 HALFWAY : 3364 


IF YOU HAVE A 
SPECIALIST MANUFACTURERS OF 


cit FILTER oxen 


INSTRUMENT WIRES. 


COPPER AND RESISTANCE WIRES ; RO 8 L bE M 


Trade Mark “MANGINSAX"’—GENUINE MANGANIN 
established 1695 


ENAMEL, SILK, RAYON COVERED V a Cc T RO N 
P.V.C. POLYTHENE, P.V.C. MICROPHONE CONSULT 
“INSUGLASS” THERMOCOUPLES, ete. 


We provide a design service for industry— 
THE SAXONIA ELECTRICAL WIRE CO. LTD. 


Consult our experienced design staff for an active 
Contractors to the Admiralty, War Office, Air Ministry. or passive solution to your filter problem. 
ROAN WORKS, GREENWICH S.E.i0 VECTRON ELECTRO-PHYSICS LTD. 
Se CUNNNEN OMS HI Spur Road, North Feltham Trading Estate 
Bedfont, Middlesex. Te/: FEL 6691 
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1 ES 
Specialisation WAZ2.a 

plus 60 years Waes4/47e4 

experience 9 AMaitwsnemiraneni 


ire pPurly 


ADDS UP TO THE 
I ippr “shih ind A.R.B. & 


THE HARBORO’ RUBBER CO.,LTD. Dainite Mills, Market Harborough. Telephone 2274/6 
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The Rosan Press Nut is cheaper, easier and 
faster than other methods of providing tapped 
holes in sheet or plate. The same size Rosan Nut 
is suitable for any thickness of sheet. ‘ There is 
no maximum sheet thickness’. 


HOW IT WORKS 


Punch or drill round hole in sheet metal to specific 
diameter. Insert smaller flange into hole. Apply impact 
force to exposed edge of serrated flange of Press-Nut. 
Note that impact flows sheet 
metal into space between 
flanges, locking the Press- 
Nut securely in place. Teeth 
of the serrated flange broach 
themselves into the parent 
metal preventing rotation. 











w 








HUN 








Leaflet and samples sent on request 


to the manufacturers:— 


INSTRUMENT SCREW CO. LTD., 
Northolt Rd., South Harrow, Middx. 
Tel: Byron 1141 
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ET US 

SOLVE YOUR 
RODUCTION 
PROBLEMS 


WE ARE FULLY EQUIPPED for Centre Lathe and 
Capstan work, Production Milling, Grinding, 
Gear Hobbing to fine limits of spur, spiral and 
worm gears. For development or production 
quantities of instrumentation— 


SEND IT TO CINETRA 


ETRA MANUFACTURING CO LTD 
12 OVAL RD LONDON NW 1 


GULliver 2353 & 4085 














From a pin 
toa 


battleship? 


Not quite in our line. But we 

can supply almost anything in 

the Electronics field from a 

miniature plug to a complete 

closed circuit television station. 

The new DTV Handbook 

covers a wide range of equip- 

© Ack ¢ . ment and materials for Elec- 

or ‘our tree co 4 ; 

aaa aie por rhiscn tronics in Industry . . . an 

ments in your organisa- idispensable guide to the 

tion would like one, just technician and buyer. It 

includes the newest equipment 

from the DTV Group itself, 

and it’s well worth keeping on 
your desk. 


Service to the Electronics Industry 


The DTV Group 


DIRECT TV REPLACEMENTS LTD. DIRECT TV WINDINGS LTD. 
BEULAH ELECTRONICS 
Dept. EE, 138 Lewisham Way, New Cross, 
London S.E.14. TiDeway 6666 


let us know. 
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NEW FROM RENOLD 


TYPICAL APPLICATIONS include conveyors and 
elevators, printing and packaging machines, mine cars, 
gear boxes, machine tools, and as a safety device for a wide 
variety of machinery; mechanical and electrical instru- 
ments, aircraft controls, radar and equipment requiring 
positive, accurate positioning; steering gear on marine 
and heavy vehicles and equipment requiring a mechanical 
protection device 


Catalogue No. 316/534 giving full details is 
available on request from RENOLD CHAINS 
LIMITED, Sprag Clutch Unit, 50 Cathedral 
Road, Cardiff, or any Renold Sales Branch 


Office 


Following the introduction of Sprag clutches three years ago, 
Renold Chains Limited announce the introduction of another new 
product within their range of power transmission equipment... the 


RENOLD 


RL CLUTCH 


REVERSIBLE 





for 

POSITION CONTROL 

TORQUE FEED-BACK ELIMINATION 
REVERSIBLE BACKSTOPPING 
SINGLE REVOLUTION CONTROL 


——\ 
a RENOLD CHAINS LIMITED - MANCHESTER 


RENOLD 
REPRESENTA R OUT THE WORLD 
Ce ENTATION THROUGH 





The careful electrician uses 


te MARTINDALE 


TESTER L.V./F.P. IS ALSO 
AVAILABLE FOR 
24/100 VOLTAGES 


Don’t take chances—play safe with the 
oe voltage Tester, the MARTIN- 
DALE Model F.P. incorporates exclusive 
features and advantages (including unique 
prod design) that make for maximum 
efficiency with complete safety. Instant 
records voltage (up to 600), whether A.C. 
or D.C., if wires dead or alive, which is 
“earth”. Fully fused and protected. You 
cannot afford to pay less the modest 
— asked for the MARTINDALE Voltage 

ester—and you cannot buy better, no matter 
how much more you pay. 


For full details write to: 


MARTINDALE ELECTRIC CO. LTD. 
110 WESTMORLAND RD., LONDON, N.W.9 Tel: COLintale 8642 
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PULLIN 


CLEAR VIEW 
MINIATURE INSTRUMENTS 


* dynamometer watt- 
meter A.C. and D.C. 


THE SERIES 22 (edgewise 2.25” scale)—with internal magnet 
moving coil D.C., rectifier internal magnet moving coil A.C., 
and moving iron A.C. and D.C. Choice of horizontal or 
vertical, front or rear mounted. 


4ft. 6ins. with 
moving iron or 
internal magnet 
moving coil 
movements, 


THE SERIES 24CY 
(2.4” scale) 
Approximate 
viewing distance 3ft. 


ou would like further details of any or all of these 
briflient Pullin instruments, please write or telephone, 


PULLIN FOR PRECISION 
MEASURING INSTRUMENTS (PULLIN) LTD. 


Head Office: Electrin Works, Winchester St., 
London, W. 3. ACOrn 4651 & 8801 


London Showrooms: Bioetsia. rien | 97 mde 
Cavendish Street, London, LAN 4551- 


b= 
had 
4 
& 
< - 
= 
bebad 
ake 
p= 
z 
Oo 
Ww 
p= 
= 
be 
= 
ad 
o 
a 
Vv) 
= 
> 
~ 
a 
1 4 
ne 
bet 
a=d 
© 
ade 
o 
habs 
o) 
ra 
4 
& 
— 
Wh 
hid 
woud 
asad 
= 
hae 
poe 
ok 
om 
* 


ELECTRONIC ENGINEERING 


EE 37 236 for further details 


Fielden 


INSTRUMENTS FOR... 


INDICATING 
RECORDING 
CONTROLLING 


FLOW 
MICRO-MOVEMENT 
CURRENT 
VOLTAGE 
LABORATORY 


Send for brochure E.E./G. stating measurement required. 








%*& Coil Voltages 
up to 250 V A.C. 
or D.C. 


*& Up to 3 pole 
changeover silver contacts. 


%& Three types of mounting. 
%* Five types of connection. 


%& Contact Rating 
6 amp. max. 250 volt max. 


H. KUHNKE LTD. 


163 Stanwell Road, Ashford, Middx. Tel.: Ashford 2798. Telex 2/577 
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The fastest method of frequency response testing . . . 


AUTOMATIC NYQUIST DIAGRAM 
PLOTTER TYPE 101 


This versatile instrument features within a single 
cabinet: 


Direct indication of phase angle 

Direct indication of amplitude 

Completely automatic printing of Nyquist diagram 
Manual or automatic frequency setting 

Modulated carrier or DC output 

Carrier frequency range 50 c/s-3KC 

Independent AC or DC input 

Mechanical output 

Instantaneous Start-Stop facility 


%*% We also manufacture 
Transfer Function Analysers 
NS NTS Very Low Frequency Generators 
SERVO CO ULTA LIMITED Stabilized AC Servo Power Supplies 
10 BOUVERIE PLACE . LONDON . W.2. Control Systems Teaching Aids 
Instrument Servo Gearboxes 


Paddington 2811 Electronic Limit Switches 
industrial Control Gear 








MMMM ddd h t “Cradleclip” is 
4 U, a Trad 
* Combines high speed fixing J y & # & ft a S tree’ Mle 


Co. Led., 


with simplicity and 
security. 

* Brings a new versatility, 
compactness and neatness 
to your wiring. 

% Completely insulated and 
suitable for all climates. 

%*& Proved in wiring 
installations throughout 
the world. 


The cradle sizes give a wide scope of 


Vl L Cradleclips are so strong , a 
Yy no wastage. Ask anyone, from 


*%& Cuts wiring time by 52% 


*%& Reduces production 
borth ks and 
materials. 





%* Proof of the way 
Cradieclip saves time and 
money is available in our 
Time and Motion Study 
Report which will be sent 
to you on request. 


Send for fully descriptive .  [§NSULOID MANUFACTURING COMPANY LIMITED 
— the Insuloid Cradleclip | saseone Road, Wythenshawe, Manchester 22 
Tel: Wythenshawe 2842, 3163 
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Instrument cabinets, control 
desks and equipment racks are 
Ritherdon’s speciality. Made 
to measure for housing com- 
munications, control and in- 
strument equipment (some 
examples are illustrated), they 
may be constructed in orthodox 
fashion or, alternatively, using 
our “Standard” system. By the 
latter method, units of flexible 
design can be constructed to 
meet your particular specifica- 
tions whatever the size or 
shape at a price comparable 
with batch production costs. 
This method of construction 
saves design time and avoids 
the consequent long delays and 
high costs. Whichever type of 
construction is used, a particu- 
larly high standard of work- 
manship and finish is offered. 


Y ©] u m rs | k it Write or telephone us 


sy for further details. 


+ “ 
— we'll case it! —- 
SS (S MADE - TO - MEASURE 0 RITHERDON ‘| 
INSTRUMENT & SS alee 
EQUIPMENT HOUSINGS ee 


AT ECONOMICAL COSTS G 

















Oa RITHERDON & CO LTD - DARWEN - LANCS < Telephone: DARWEN 1028 





BERYLLIUM COPPER 


(Delivery: Generally Ex 
Stock, Redditch Works 
or London Office). 


An ideal Electronic Component 
and having a wide range of 
applications in Industry. 


Beryllium Copper ““Wavey” Washers, for Electronic Com- 

— Range 10 BA to ?* B.S.F. Corrosion-resisting, 
to components, higher resistance of “‘set”’, LEA rey IT 70 

recovery of load, permanent spring action. They 


are fabricated from Beryllium Copper, heat-treated to 
VPN.350 minimum, Electro Plated to DTD.924, Cadmium 
Plated to DTD.904 and Passivated to DTD.923 (A.LD.). 


Pisted, Self C Clear Passivated (commercial quality) Silver OF Bir TCH 


Colour or to customers’ specification. Samples 
price SPRINGS, PRESSWORK. 
ee ee AND WIRE FORMS TO 


Send 2/6 P.O. for our 40 page booklet on spring design with full technical date. {1 ts an FINE LIMITS 
invaluable reference for your design department 


THE LEWIS SPRING CO. LTD., REDDITCH. London Office: 122 High Holborn, W.C.1. 
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INTERNAL MAGNET SYSTEMS 


The internal magnet system was developed originally about 
30 years ago but it is only in recent years that this method has 
been used on a large scale. The basic principle is simple; 
instead of a coil working around an iron concentrator in the 
pole tunnel of a large magnet assembly, the concentrator is 
replaced by a cylindrical magnet with iron pole shoes attached 
to give a linear distribution of flux. The coil then swings 
between the magnet assembly and an outer iron ring, which 
provides the return circuit and a shield against stray fields. 


Usually, the pole shoes are either fixed by an adhesive or by 
solder or are dovetailed into the periphery of the magnet. All 
these methods however, introduce gaps of high reluctance in 
the circuit and difficulties can also arise in attaching the shoes 
accurately and firmly in position. 


THE ‘SINCOMAX’ TECHNIQUE 


Powder Metallurgy and the “‘Sincomax”’ technique, developed 
by Murex Limited, applied to the manufacture of this type of 
assembly, have now made possible magnet units of reliable and 
consistent performance. The problem of attaching the iron 
shoes has been completely overcome by the application of the 
“Sincomax” technique, which enables magnet material and 
iron powder to be pressed and subsequently furnaced as one 
piece to form a single composite unit of high bond strength 
having a definite line of demarcation between the two materials. 
The pole shoes of high-density magnetic iron can be thin in 
section and can be designed to give a linear distribution of flux 
over their entire length. Provision can be made to accommodate 
supports or pillars without affecting the overall cost of 
the assembly. 


Internal Magnet System by courtesy 
of Crompton Parkinson Limited. 


ACTUAL SIZE OF MAGNET 


Murex Limited have many years experience in the manufacture of 
magnets by the Powder Metallurgy technique and qualified technical 
staff are available to advise on magnet design and performance. 


MUREX LTD (Powder Metallurgy Division) 


Rainham, Essex Roinhom, Essex 3322 
Telex 28632 Telegrams : Murex, Rainham-Dagenham Telex. 
London Sales Office: Central House, Upper Woburn Place, W.C.1. Tel. EUSton 8265 
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rectifiers 


jature Selenium Bridge Rectifiers provide 


new low voltage valves. S.E.!. 
Publication 119. Send today for full details. 


electronic applications where the reliability 


Their versatility of 


and low cost of a metal rectifie 
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The S.E.1. Tubular Selenium rectifi 


the solution. 


RECTIFIERS 


SALFORD ELECTRICAL INSTRUMENTS LIMITED 

PEEL WORKS. SILK STREET. SALFORD 3, LANCS. Tel: Giackiriers 6688 <8 lines) 

London Sales Office: MAGNET HOUSE, KINGSWAY. W.C.2. Tel: Temple Ger 408 
A Subsidiary of THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 


ELECTRONIC ENGINEERING 





EE 37 244 for further details 


@©erronuc TION 


7 








RELAYS 


For Informative Switching 
and Power Handling 





Electronic Process Timers for 
Automation 


HILTON ELECTRIC CO~+LTD ~ CHURCH ST »- WOLVERHAMPTON « Phone 22783 





Sir Viss (with a smile) No. 1 


‘Well oiled’ 


—but the ‘sober’ fact is that all 
HEMMING Steel is in prime condition, 
protected completely from rust and 
corrosion. Free your capital and your 

floor space for day-to-day productive ~ Round and Square edges. 
requirements ... ORDER as required. . are. y i Annealed Spring Stee! 
immediate delivery ‘by HEMMING Silver Steel—all sizes, Round in 
lorries, specially fitted for damage- SS ab 13” and 78”, Square in 13” lengths 
free transport and automatic unload 
without cranage where necessary 


PRIME 


Coils and Lengths — all sizes. 
Bright Flattened Mild Steel Wire, 











Write or phone for latest stock list OR SHEARED TO YOUR EXACT SIZE. 


J. A. HEMMI NG LTD 


4 Park Rd., Moseley, Birmingham 13. Tel: BIRMINGHAM SOU 4511 (five lines) Works: Orchard Street, Oldbury 
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In adding the Cycle Counter to the HED 
range of instrumentation, the same basic 
principle of using an air cored Toroid or 
Search Coil has been applied. As no 
direct connections to the welding 
machines are necessary, many machines 
- may be tested, in rapid progression, 
| ntro d i Ce without being shut down, in order to 
connect the Cycle Counter. 
Phase shifted waveforms can be counted 


a fy rt h p I’ without any readjustment to the instru- 


ment. 


The HED Current Meter and 


gmeanee in the © Ge cme seeecens 


Toroid or Search Coil, have 
been combined into one case 


IMNSTPUMONTATION —— coerce ene weiding Engince 


in the rapid and accurate 
setting up of machines. 


of resistance wa epovilidd ead ti cues tea: eee 
welding... COMBINED CYCLE COUNTER & CURRENT METER 


* Further details available on request HIRST ELECTRONIC LTD 
GATWICK ROAD, CRAWLEY, SUSSEX Crawley 25721-2-3 





PRECISION 
PRESSINGS| 











"Specially made prototype 10K/C 
quartz crystal clock Mark | 
We are now manufacturing a Mark I! 
Transistorised Digital Clock 
Price £350 


ENQUIRIES INVITED 


also Transistorised Plug in Decade 
Counters, Scalers and Binary Units. 


We specialise in Electronic Prototype 
fabrications, SHEET METAL WORK 
WIRING, CABLE FORMS ETC. 


PROMPT DELIVERIES, AND ECONOMICAL COST. 


JOHN SMISE LTD.) prs. ELECTRONICS LTD. 


209 SPON LANE WEST BROMWICH STAFFS. 
ben sng nr 95 HORSENDEN LANE NORTH 


"MITRE MILLS” RICHARD STREET BIRMINGHAM? a oe 
TELEPHONE ASTon Cross 2218 (4tines) Gf=~..e ORD, MDDX Telephone: WEMbley 83 
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The new resin moulded and impregnated paper—and— 
foil capacitors. High dielectric strength. Good ioniza- 
tion, and I.R. properties. Excellent A.C. characteristics. 
Temp. range, —s55°C +100°C. 
Range: 250 V. D.C./1s0 V. A.C. 0.01 mfd to 0.22 mfd. 
400 V. D.C./250 V. A.C. 4700 pF to 0.15 mfd. 
630 V. D.C./300 V. A.C. 1000 pF to 0.068 mfd. 
1000 V. D.C./400 V. A.C. 1000 pF to 0.033 mfd. 


Type M. Miniature metallized polyester capacitors. 
Safe H.F. contact with very low inductance and self 
healing properties. New revised prices showing 
substantial reductions on many types. Temp. 
range: —ss°C + 100°C. 
Range: 125 V. D.C. 0.01 mfd to 1 mfd. 

400 V. D.C. 0.01 mfd to .47 mfd. 


Type F. Polyester—and—foil capacitors. Welded leads 


giving safe H.F. contact. Long term stability. Temp. 
range — 55°C +100°C, 


Range: 125 V. D.C. 4700 pF to 0.15 mfd. 
400 V. D.C. 47 pF to 0.47 mfd. 
1000 V. D.C. 4700 pF to 0.1 mfd. 


WIMA 


TFrintilgt 
26/40. |= | 


Miniature low voltage electrolytics; now all welded 
electrodes giving safe contact under low voltage and 
current. Substantial price reductions over the 
whole range. 


Full technical specifications and prices from Sole U.K. 
Agents. 


WAYCOM LIMITED 


CAPACITY HOUSE, ROTHSAY STREET, 
TOWER BRIDGE ROAD, LONDON, 5S.E.!. 
Tel.: HOP 2615/9 ee 
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TRANSFER FUNCTION 
ANALYSER 


The equipment consists of an:— 

Oscillator shown above and a Phase Sensitive Voltmeter. The 

Oscillator has two outputs identical except that ‘B’ is continuously 
adjustable in phase with respect to ‘A’ 


BRIEF SPECIFICATION 
FREQUENCY RESPONSE RANGE:— 
+ C.P.S. TO 125 K/C IN 6 DECADES 
MAXIMUM OUTPUT: 10 VOLTS R.M.S. 
PHASE ACCURACY: BETTER THAN ! DEG. 
OSCILLATOR OUTPUT STABILITY 1% 
USING THE PHASE SHIFTER TIME INTERVALS 
FROM 8 SECS. TO 0.05. SECS. MAY BE MEASURED 


For full details send for brochure 


WENBROOK CONTROLS LTD. 


RAVENOAK ROAD, CHEADLE HULME, CHESHIRE 








A 
® 

é & t ie { ie C 
is not just another valve voltmeter: it has several unique features. 
As a voltmeter, with ranges of 0.5 to 2,000 volts full scale, the input 
impedance is so high that capacitive attenuators are used for the higher 
voltages, and a ‘memory’ retains voltage readings, if required, for 
several hours. On current ranges, from 0.5 to 2,000 micro-amperes full 
scale, the terminal voltage is only 5 milli-volts. The instrument also 
has six resistance ranges w'th 1,000 ohms to 100 megohms at centre 


scale, To relieve the tediura of routine work, a pen recorder can be 
connected to the instrument for continuous monitoring. 


Ze SOUTHERN INSTRUMENTS LTD 


SOUTHERN FRIMLEY ROAD ~ CAMBERLEY - SURREY 
TELEPHONE CAMBERLEY 3401 
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CORES 


We specialise in the large scale 
production of all types of 
miniature toroidal coils wound 
on cores down to 50/1000’ 
diameter (as shown below). 


50/1000" OUTSIDE DIAMETER 


Actual-size photograph show- 
ing one of our small ferrite 
ring cores mounted on glass 
base and encapsulated in resin. 
This particular core carries four 
windings of 20, 10, 10 and 5 
turns of 48 s.w.g. enamelled 
wire. 

Coils such as these are manu- 
factured entirely in our New- 
port Pagnell factory. 


Please write for full details 
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STORES 


In addition to the manufacture of coils and components 
we undertake the assembly of complex equipment 

such as this unusual Matrix Store for a 100-channel 
Analyser shown above. 

(As supplied to A.E.I. Ltd., Instruments Division) 


NEWPORT INSTRUMENTS (Scientific & Mobile) LIMITED 
8 CRAWLEY ROAD. NEWPORT PAGNELL * BUCKS + ENGLAND 
Telephone: Newport Pagneil 401/2 





Raed 


—— 
RADYNE 
a ———— 


REGISTERED TRADE MARK 


A RADYNE V.C.P.2 

crystal ler pomered by a 

15/25kW generator 

gas refiner. This is one of 

5 umits which may be 
Aihed to suit ae EP } i 

customer's requirements. 


A RADYNE silicon zone 
refining unit ed witha 
RADYNE 1s5kW 4 Me/s 
R.F.. generator. 
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AHEAD IN SEMI-CONDUCTORS 


FLOATING ZONE REFINING 

An application of radio frequency heating 
to the purification of germanium, 

silicon, and other materials. By traversing 
a molten zone from one end of the 

ingot to another, impurities are 
concentrated at one end. 

Two RADYNE equipments are available 
—a quartz tube gas refiner and a 

vacuum chamber unit. 


CRYSTAL PULLING 

RADYNE equipment for preparing 
mono-crystalline germanium, silicon, and 
other materials includes the G.C.P.2 

gas crystal puller and the V.C.P.2 vacuum 
or gas crystal puller, based on the 
Czochralski technique. 

Maximum charge is 950 gm. of germanium; 
400 gm. of silicon. 

RADYNE units are especially easy to load 
and unload, and to clean; components 
with wide margins of strength and power 
guarantee reliability. 





WOKINGHAM BERKS ENGLAND Telephone: Wokingham 1030 Telegrams : Radyne England 


P6309 
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SCINTILLATION 
SPECTROMETRY 


NON-OVERLOADING 
LINEAR PULSE AMPLIFIER 
NE 5202: 
with 5 microsecond recovery for 100 
times overload. Designed for scin- 
i spectrometry and pulse 
height analysis studies, this amplifier 
features —_ (50. (30,600), ae gain 
stability ter S% per 
week), good net mag Bas ‘noise (less 
40 microvolts at input), 
excellent overload characteristics, 
and operation at high duty cycles. 
Rise time 0.2 microseconds and 
——., og A 0.15%. Preampli- 
available. Based 
on the double delay line differentiated 
Fairstein system, it consists of three 
high gain feedback groups and a 
ite cathode follower output. 


SINGLE CHANNEL PULSE 
HEIGHT SELECTOR 

NE 5102: 

Resolving time 1.2 microsecs; 3-140 
volts operating range with energy 
zero drift less than 0.05 volts per 
day; 0 to 10 volt gate width with less 
than 0.01 volts per day drift; maxi- 
mum counting rate, 2 10° c.p.s.; 
larger gate widths and automatic 
ecanning facilities available. 


£.H.T. SUPPLY UNIT 
NE 5302: 
Output stability 0.01%; low noise 
and ripple—iess than 3 mV; output 
voltage continuously variable from 
500-1,500 V; output current SmA. 
| raph SUPPLY UNIT 

$303 


pe om $302, but with suepat voltage 
range from 1,000-5,000 V 


SHIELDED SCINTILLATION 
HEAD UNITS NE 5501-3: 
containing White cathode follower 
preamplifiers with noise level of 25 
microvolts; photomultipliers of 1” 
or 2” can be accommodated; for 
general use or for Ci4 and H3 
investigations with special rotary 
light locking device. 


OTHER UNITS AVAILABLE 
Precision ratemeter NE 5401. Scan- 
ning scintillation spectrometer NE 
8601. Complete human body moni- 
tors and low level counting facilities. 
Ci4 and H3 liquid scintillation 
spectrometer NE 8301. Probe units 
NE 5520 and NE 5521 for X-ray, 
slow neutron, fast neutron and alpha 
particle studies. Pulse shape dis- 
crimination head units NE 5551 and 
NE 5561. Transistorised moisture 
and density measuring equipment 
NE 8401. Radio-lodine environ- 
mental monitor NE 8421. Scintillo- 
meters for geophysical exploration, 
including transistorised airborne and 
carborne equipment. Exclusive con- 
cessionaire for C.D.C./Bendix 100- 
channel Transistorised Kicksorter 
in Great Britain. Sole agent for 
Harshaw Sodium Iodide Crystals in 
the United Kindom. 


For full details of the above and of 
our SCINTILLATION PHOSPHOR 
PRODUCTS (plastics, liquids, 
loaded liquids, crystals, gels, neutron 
detectors, and chemicals) write to: 


Nuclear Enterprises (6.B.) Ltd 


Bankhead Medway, 
Tel: 


Sighthill, 
CRA 5262 


Edinburgh I1, Scotland 


Associate Company: Nuclear Enterprises Led., 550 Berry Street, Winnipeg 2!, 


Canada. 
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39 self-contal 
4.¢., 0.6. voltages, currents 


tHE JN/EW : 
J} = = on = 


MODEL SUPER K List price £20-19-0 
MODEL SUPER 50 List price £24-12-0 


ned ranges for measuring 
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& resistance 


seni. 


ALFORD 


The resistors, rectifier, transformer, movement, 
switches and automatic cut-out are mounted on a 
robust printed circuit board, enclosed in a strong 


attractive, two-tone dustproof 


RANGES — Super K 

D.C. Volts —150mV to 1,500 V 
D.C. Amps —1.5mA to 15 A 
A.C. Volts —7.5 V to 1,500 V 
A.C. Amps —75mA to 15 A 


RANGES — Super 50 

D.C. Volts —250mV to 2,500 V 
D.C. Amps —50uA to 10A 
A.C. Volts —2.5 V to 2,500 V 
A.C. Amps —25mA to 10 A 


melamine case. 


Resistance 
0—1000 ohms 
0— 10,000 ohms 
0— 100,000 ohms 


Resistance 
0—2000 ohms 
0—200,000 ohms 
0—20 Megohme 


Send for leaflet No. S.K.50/6012/EE 


Peel Works, 


SALFORD ELECTRICAL INSTRUMENTS LIMITED 


Silk Street, Salford 3, Lancs. 


Tel: BLAckfriars 6688. 


London Sales Office: MAGNET HOUSE, 
KINGSWAY, W.C.2. Tel: Temple Bar 4668. 


A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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...all the well-known 
SvE-9.(9)") terminals too! 


Our vast new range includes: 


¢ Self-insulated, nylon-grip, colour-coded terminals 


e Insulated or non-insulated butt connectors 
e Crimping tools and attaching machines 


Make sure you obtain the new up-to-date catalogue which gives 
full details of all these new products. Available now from :— 


ROSS COURTNEY 


Ashbrook Road, London N19 
Tel: ARChway 1166/7/8 








high vacuum equipment 


WRITE NOW FOR THE TRADE’S MOST HELPFUL CATALOGUE 





The N.G.N. Catalogue illustrates and 
describes a growing range of equipment 
especially designed and manufactured 
for the High Vacuum Industry. ..a range 
which is already approved and used by 
leading high-vacuum engineers all over 
the world. N.G.N.’s special, highly- 
expert design combined with their new 


ROTARY PISTON PUMPS 
DIFFUSION PUMPS 

COMBINED PUMPING UNITS 

RESIN IMPREGNATING PLANTS 
QUARTZ CRYSTAL COATING PLANTS 
BAFFLE VALVES 

HAND OPERATED VALVES 
ELECTRO MAGNETIC VALVES 

LOW TEMPERATURE TRAPS 
COUPLINGS & UNIONS 

VACUUM MEASURING EQUIPMENT 
NYGON SEAL MATERIAL 


manufacturing techniques result in a 
range of components and equipment 
unique in their efficiency, adaptability 
and convenience. 


Write NOW to our new factory for 
N.G.N. Catalogue No. 881/20. 


N.G.N. 
ELECTRICAL 
LIMITED ~~ 


CHURCH BANK WORKS, CHURCH, 
Nr. ACCRINGTON, LANCASHIRE 
Telephone: Accrington 35611-2 
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NZUa 


the most efficient 


@®DZUS lock or unlock 
instantly in a simple 
quarter-turn 

®@ DZUS are vibration-proof 

@ DZUS are simple, sure and 
secure 

® DZUS are ideal for hinged or 

removable parts needing 


o e aloes attention and 
for the Engineering Industry 


DZUS Fasteners offer the most effective, most efficient, 
and quickest form of fastening for scores of vital uses in 
the Electronic field. 


Write for full details of applications in your industry to: 
DZUS FASTENER EUROPE LTD - FARNHAM FACTORY ESTATE - GUILDFORD ROAD - FARNHAM - SURREY 


Q 
REENPAR IE ae 
( : Jugineering /, d. | 


ELECTRONICS DIVISION - 


Complete Series : : 

ae dbo) ge 
a BNC” “UHF’ el ig " Vv asi ae 
& “LC” R-F. Connectors 


MANUFACTURERS ‘OF 
ELECTRONIC COMPONENTS 
D.G.!. & A.R.B. APPROVED AND ASSEMBLIES. 


STATION WORKS - HARLOW - ESSEX ‘Telephone: Harlow 2192 
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The Flamemaster 
hand torch 


@ FLAMEMASTER is a registered trade name of STONE-CHANCE Ltd 


The Stone-Chance FLAMEMASTER is now distributed only by 
Buck and Hickman Ltd. 

This famous little tool remains unchanged in design and Is 
invaluable for all glass working, metal brazing and soldering. It is 
made and will continue to be made by Stone-Chance, but your 
enquiries and orders should now be addressed to :— 


BUCK & HICKMAN LTD. 


2 Whitechapel Road, London, E.! 
also at Birmingham, Bristol, Glasgow, Leeds and Manchester 


Stone-Chance Ltd., Schomberg House, 82 Pali Mali, London, S.W.! 





10-12 Watts — 25 kVA 


DRAKE TRANSFORMERS 


Mains Transformers 


Chokes 


Audio Output Transformers 
Audio Input Transformers 
Saturable Reactors 
Coils 
Current Transformers 
Transistor Transformers 
Inverter Transformers 


Screened Microphone Transformers 


DRAKE TRANSFORMERS /[LTD., BILLERICAY, ESSEX 
Billericay 1155 
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STRIP, SHEET, TAPE & 


Plain and tinned; drawn, rolled, rolled and drawn, or rolled 
and sheared. Sheets up to 10 ft x 4 ft in any thickness over yin - THOMAS BOLTON 
_~——s & SONS LTD 


Head Office : Mersey Copper 
# === Works, Widnes, Lancashire. 
Annealed strip for generator and transformer windings, etc , with : = = Tel.: Widnes 2022. 


London Office & Export Sales 


thinner sizes 6 ft x 3 ft or 4ft x2 ft 


square or rounded corners, or with rounded edges; Bolton’s specialize 
Department ; 


in the production, in suitable sizes, of long jointless lengths oe Boe z 168 Regent Street, W.1. 

be : Tel.: REGent 6427. 
weighing up to 18 cwt Hard-drawn and semi-hard-drawn strip in coils 
or in straight lengths; supplied in special tempers, to close tolerances, 


and on drums, when required. Foil down to 0.001 in. by 3 in. wide. 








VEEDER-ROOT When you need 
COUNTING SPEED 


w2—60 





INSTANTANEOUS 
RE-SETTING BY 
PUSH-BUTTON 
OR SOLENOID 














Send for technical information. Specify VEEDER-ROOT Quick Reset, High 
: Speed Magnetic Counters 


The 1585 (Manual Reset) and the 1557 (Electrical 
VEEDER-ROOT LTD Reset) are designed for accurate, dependable, remote 

iad indication of machine operation, or for counting 
Division W , articles at high speed. Speed is 3,000 counts per 
King Henry’s Drive New Addington Surrey minute, manual or electrical reset, 6 figures. Made 
Telephone Lodge Hill 3344-6 for panel mounting. 
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. 


TELCON METALS LIMITED 


have established the “constant 
current flux reset"’ testing procedure 


for matching cores and stacks of laminations to close 
limits of magnetic performance for use in transductors 
and saturated reactors. 
This is of particular interest to designers of precision 
control equipment, such as AUTO-PILOTS, STABILISERS AND 
FUEL CONTROL UNITS for AIRCRAFT, INTERPOLATOR and 
ANALOGUE POSITION MEASURING UNITS for MACHINE TOOL 
CONTROL and similar applications. 
Information on the standard range of cores and 
laminations in high permeability and rectangular 
hysteresis loop alloys (tested to this procedure) is  litustration shows Ea 
available on request. at our Crawley factory. 


TELCON METALS LIMITED 


MANOR ROYAL + CRAWLEY + SUSSEX 


Telephone: Crawley 1560 - Telex 8748 - Telegrams: Telcon Crawley, Telex 


Member of the BICC Group of Companies 











SCREENED 2, 3 AND 4 PIN CONNECTORS 
WITH MUTING SWITCH 


TRP 1 TRS 1 3 PIN UNSWITCHED 
TRP 2 TRS 2 2 PIN SWITCHED SOCKET 


TRP 3 SPECIAL 4 PIN PLUG FOR TRS 2 
SOCKET PROVIDING EXTERNAL 
CONNECTION TO MUTING SWITCH 


Send for technical information to:~ 
McMURDO INSTRUMENT CO LTD - ASHTEAD - SURREY - TEL: ASHTEAD 3401 
6) JHS 6181 
EE 37 265 for further detail 
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BOLT 


H.C.COP! 
STRIP, SHEET, TAPE 


Plain and tinned; drawn, rolled, rolled and drawn, or rolled : 
and sheared. Sheets up to 10 ft x 4ft in any thickness over yin ee THOMAS BOLTON | 


thinner sizes 6 ft x 3 ft or 4 ft x2 ft - & SONS LTD 
Head Office : Mersey Copper 
Works, Widnes, Lancashire. 


Annealed strip for generator and transformer windings, etc , with ee “= Tel.: Widnes 2022. 
London Office & Export Sales 
Department ; 


in the production, in suitable sizes, of long jointless lengths ~~ 168 Regent Street, W.1. 
te Tel.: REGent 6427. 


square or rounded corners, or with rounded edges; Bolton’s specialize 


weighing up to 18 cwt Hard-drawn and semi-hard-drawn strip in coils 
or in straight lengths; supplied in special tempers, to close tolerances, 


and on drums, when required. Foil down to 0.001 in. by 3 in. wide. 








VEEDER-ROOT When you need 
COUNTING SPEED 


w 2—60 





INSTANTANEOUS 
RE-SETTING BY 
PUSH-BUTTON 
OR SOLENOID 














Send for technical information. Specify VEEDER-ROOT Quick Reset, High 
: Speed Magnetic Counters 


The 1585 (Manual Reset) and the 1557 (Electrica! 
Reset) are designed for accurate, dependable, rem 
WESnee-Aeer tre indication of machine operation, or for counting 
Division W ~ articles at high speed. Speed is 3,000 counts per 
King-Henry’s Drive New Addington Surrey minute, manual or electrical reset, 6 figures. Macc 
Telephone Lodge Hill 3344-6 for panel mounting. 
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TELECON METALS LIMITED 


have established the “constant 
current flux reset" testing procedure 


for matching cores and stacks of laminations to close 
limits of magnetic performance for use in transductors 
and saturated reactors. 


This is of particular interest to designers of precision 
control equipment, such as AUTO-PILOTS, STABILISERS AND 
FUEL CONTROL UNITS for AIRCRAFT, INTERPOLATOR and 
ANALOGUE POSITION MEASURING UNITS for MACHINE TOOL 
CONTROL and similar applications. 

Information on the standard range of cores and 
laminations in high permeability and rectangular 
hysteresis loop alloys (tested to this procedure) is 
available on request. 


TELCON METALS LIMITED 


MANOR ROYAL + CRAWLEY - SUSSEX 


Telephone: Crawley 1560 - Telex 8748 « Telegrams: Telcon Crawley, Telex 





Member of the BICC Group of Companies oS Tee ees me Art Pi Jae 
Typical cores and Lamination Assemblies 





SCREENED 2, 3 AND 4 PIN CONNECTORS 
WITH MUTING SWITCH 


TRP 1 TRS 1 3 PIN UNSWITCHED 
TRP 2 TRS 2 2 PIN SWITCHED SOCKET 


TRP 3 SPECIAL 4 PIN PLUG FOR TRS 2 
SOCKET PROVIDING EXTERNAL 
CONNECTION TO MUTING SWITCH 


Send for technical information to:— 
McMURDO INSTRUMENT CO LTD - ASHTEAD - SURREY - TEL: ASHTEAD 3401 
61 JHS 618! 
EE 37 265 for further detoi/ 
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A Unique Service to Industry 


DESIGN - RESEARCH 
PRODUCTION 


of FINE ELECTRO-MECHANICAL AND 
INSTRUMENTATION ASSEMBLIES 


YOUR IMMEDIATE INVESTIGATION 


OF DAVALL VERSATILITY WILL 
GIVE YOU THAT BREAKTHROUGH 


PHONE NOW- 
ALPerton 1011 


PERIVALE, 


GREENFORD, Middx. 





By courtesy of the Evening Standard 




















Out of print volumes of 


“Electronic Engineering” 


ARE TO BE REPRINTED IN FULL SIZE 
by 


Wm. DAWSON & SONS Ltd. 


The first volumes scheduled to be re- 

printed are volumes 13-26 covering the 

years 1940-1954. Further volumes are 
to be reprinted-in due course. 


Price per volume £6-10-0 bound 


For further details write to :— 


| Wm. DAWSON & SONS LTD. 
| 16 WEST STREET, FARNHAM, SURREY. 
| 


ii 
if 
| 


| 
| 
i] 
| 
| 


it 
ii 


indicating in which volumes you are particularly 
interested or fill in the reference given above on 
one of the Reader Information Service Cards. 
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NEW 
COMPONENTS! 


Terminals 
for 
‘ Elevated 
Temperatures 


Ceramic 


Samples on request 











43 QUEENS ROAD, HERSHAM, WALTON-ON-THAMES, SURREY. 
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NIX 


PRESS-IN 


TERMINALS 


WITH RANGE OF 
20-300 AMPS ALL 
FITTING SAME 
MOUNTING RAIL 


Send for leaflet 


D. J. EQUIPMENT (HERSHAM) LIMITED 


Tel.: 27672 





@ For your lighter moments—come to... 


WEBB’S Hwee _) 


FOR NICE REPRODUCTION of MUSIC 


Our demonstration room allows 
instant comparison between all 
that is best in amplifiers, 
speakers, pick-ups and radio. 

r range includes established 
favourites 


but there is also always 
something new at... 


WEBB’S RADIO 


14, SOHO ST., OXFORD ST., LONDON Wi 
Telephone: GERrard 2089/7308. 
Shop hours: 9 a.m.—5.30 p.m. 
(Thurs. 7 p.m.) Sats: 9 a.m.—! p.m. 











For example judge for yourself the 
merits of these new speakers— 

Leak ‘“‘SANDWICH’’ £39.18.0d., 
gives an extraordinarily good fre- 
quency response, with clean well 
defined bass. 
The sseur ““CRAFTSMAN”’ 
£26.8.10d., a column speaker com- 
bining elegance with good reproduc- 
tion. 

ALSO hear what a difference a 
modern arm mokes to a pick-up— 
The ‘“‘WORDEN’’ Articulated Arm, 
an entirely new approach with ideal 
tracking and minimum side-thrust, 
£12.18.3d. 

The “S.M.E." Arm, now world- 
famous for its precision engineering, 


£25.12.6. 
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“A complete library 
in two volumes...” 


KEMPE’ 


ENGINEERS 
YEAR-BOOK 


Edited under the direction of the Editor of “The Engineer” 


1961 Edition price 87/6 (plus postage 2/6) 
from technical booksellers or direct from the publishers 


Kempe’s Engineers Year-Book, 28 Essex Street, Strand, 


London, W.C.2 


Telephone: CENtral 6565 





~- 





hee rae 
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TRANSFORMERS 


TRANSFORMER DESIGN KITS 


— make your own prototypes! 


Fifteen sizes in three different lamination materials are available as kits of parts for the production of prototype 
windings for electronic circuits. Each kit is packed separately and includes a bobbin, sufficient laminations, and, 


where applicable a mounting clamp. 


PRODUCTION QUANTITIES 


Our works are equipped to produce, quickly and efficiently, small or large quantities of windings developed on the 
above materials. We are always pleased to undertake the design of transformers and similar windings on receipt of 
circuit details, and a member of our engineering staff will call on you, when required. Approved impregnation and 


resin encapsulation processes are available. 


A.D. Approved. 


THE BELCLERE COMPANY LIMITED 


171 COWLEY ROAD, 


OXFORD, 


ENGLAND. Tel: OXFORD 43431 








THE LEXOR “DIS-BOARD” 


For Power Extension and Expansion Everywhere 


EX-STOCK 
DELIVERY 


OVER 100 
STANDARD 
COMBINATIONS 


Full literature and Price List from:— 


LEXOR ELECTRONICS LIMITED 
ALLESLEY OLD ROAD 








COVENTRY 
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Precision miniature co 


Cristal Microphones 

Miniature Volume Controls 

Smail Transformers and Toroid ers 
Plug Sockets for miniature tubes and transistors 


Write for catalogue and information 
MICRO-ELECTRIC LTD. — Zurich 52 — Switzerland 





SPRINGS aw PRESSINGS 


for the 
ELECTRONIC INDUSTRY 


Manufactured in Beryllium Copper, 

Nickel Silver, Stainless Steel, 

Phosphor Bronze, Tantalum, 
Spring Steel etc. 


We welcome your enquiries 


LITCHFIELD BROTHERS Irv L.8 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 7d. per word. Minimum charge, |4s. Box number, 
2s. extra, except in the case of advertisements for ‘Situations Wanted’’, when it is free. 


Specially Spaced Classified—50s. Od. per single column inch. 
Copy, with remittance, for the above advertisements, must be received before the |4th of the month for insertion 


in the following issue. 


Display Classified—Full Page, £75 (based on specially spaced classified rates). Half Pages, Quarter Pages and 
Eighth Pages pro rate. Copy dates: With proofs, Sth of preceding month. Without proofs, |0th of preceding month. 


Blocks must be mounted. 


Advertisements for publication should be addressed co: 
Classified Advertisement Dept., “Electronic Engineering’’, 28, Essex Street, Strand, London, W.C.2. 








OFFICIAL APPOINTMENTS 





ADMIRALTY REQUIRES Elicctrical and Radio 
T for the Armament 


adult service. Work involves fauli 
and adjusting complex electric, 
electro-mechanical eaten ne baie te 


ELECTRONICS ee required in the 
Electrical —y~ University of 
an gy f= qualifications and 
- 4 should Ibe made in writing 
to _~ x. W. Carter, from whom further SE 
ticulars may be obtained. 317 


EXPERIMENTAL OFFICER or Assistant Experi- 


i p—co: ith 
the study and improvement of existing forms and 
and design of new forms of 





and with liability ape p Peed service at other 

from £775 ( 24) to £884 ( 28 or over) by 

eanged iasseeanss to a max. of £988 p.a. Fivesday 
days’ paid annual leave 


Education 
a 


for 
January 1962: Chea Technical 
. Principal: D. A 


ar 


should be the Principal no 
romsas Friday, 15th September, 1961. a 31D 


‘h, German 
or Russian an eee : A.E.O. £450 10s. 
(age 18) “E776 awe £957. E.O. £1,057-£1,296. 
Forms from La Technical and 


bour 
Scientific R. Register (i), 2 26 Ki Londo: 
i » quoting A.104/1A. Croning dnt Sep 
5298 


HOME OFFICE. Wireless Technicians. 
for men at least 21 on 1.7.61 
ical and clans knowledge of 
and communications 
, Vv. H.F. apparatus, and experi- 
service work. oe 


private and a coaenced eaiaea dnbalen Starting 
saiary (National) £690 (at 21) to £810 (at 25 or over). 
Scale maximum £930. Promotion prospects. 


Write 

Commission, 17, North eh ery Street, 
n form quoting 8/5362/61. 
W 5318 
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instrumentation on War Office ranges. Initially 
work will be in the field of special purpose 
and control systems for fixed instrumentation. 
Quals.: Pass .C. Electronics or Physics 
or G.C.E. (A) ysics and Maths. and four subjects 
& C.E. co, Should have good Fmneag know 
A.E.O. 18-27. 
Sauer £458-£983. E.O. min. By 087-£1,336. 
salary allows credit for approved ‘post 
oudame experience and National Service. por- 
tunity for establishment and promotion. orms 
from Ministry of Labour, Technical and Scientific 
Register (K), 28, Ki Street, London, S.W.1, 
quoting reference D. "S84/1A. Ww 5291 








FEDERAL GOVERNMENT OF NIGERIA 
i Technical (Radar). T 


ivalen ualication —~ fc t ry ore) 
or an equi mae ificati or proof of a 
educational Candida didates must be 
competent Bi we with at least four years 
radar experience, and must be able to maintain GL3 
and other meteorological radio and radar equipment. 
tment on contract. Salary in range 
72 p.a. to £1,872 p.a. (incl Inducement 
Auditions plus gratuity of £150 p.a. Free passages; 
children’s wances; liberal home leave on full 
y; AB ng and income tax at low local rates. 
rite for aj — forms and further particulars, 
Stating qualifications and experience, 
to the Rearaiusst Attache, Nigeria High is- 
sion, 9, Northumberland Avenue, London, W.C.2, 
quoting Ref. P.2/4. W 530i 





MIDDLESEX COUNTY COUNCIL, Educa- 

t. Laboratory Assistants required at 

‘ollege of Technology, Woodlands Ave., 
Acton, W.3, in Electronics labs. Salary Misc. II 
£490-£555. Prescribed conditions. Application 
forms (s.a.e.) from agg % above address, return- 
able immediately. (Quote G. 924.) W 5294 


PLYMOUTH AND DEVONPORT TECH- 
NICAL COLLEGE Principal: E. Bailey, “ye 
F.R.LC., A.M.1L.Chem.E. Required as soon 

possible, Assistant Lecturer Grade B for Radio 
Officers’ courses with opportunities for taking other 
Radio and Electrical courses within the Electrical 
Engineering tment. Candidates should hold a 
First Clee P.M.G. Wireless Telegraphy Certificate 
and M.O.T. Radar Maintenance Certificate. Sea- 
going and/or teaching experience are added qualifica- 
tions. Salary Burnham scale: £700 x £27" 10s. to 
£1,150 per annum, with additions for approved extra 
qualifications and training. Forms and particulars 
(s.a.e.) from Clerk to the Governors, Education 
Offices, Cobourg Street, Plymouth, to whom they 
should be returned as soon as possible. W 5284 
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GHANA CIVIL SERVICE Appications are in- 
vited for vacancies in the grades of Senior Master 
(Audio and Radio Frequency), Ghana Broadcasting 
Service. Audio Frequency. Duties: Responsible 
under the Head of Engineering Training for training 
in Audio Frequency subjects up to a final level 
comparable with the B.B.C. Grade C Examination. 
Candidates should have a thorough knowledge of 
studio apparatus and acoustics, tape and disc re- 
cording and power equipment, and should also have 
a sound knowledge of the fundamental theory of 
Radio frequency equipment and be capable of 
teaching in this subject. Previous teaching experience 
a essential. Radio Freq Duties: Providing 
jalised courses under ead of Engineering 
Training on the theory and operation of radio 
frequency and wired broadcasting equipment used 
in a Broadcasting organisation leading to a standard 
approximately equal to that of the B.B.C. Grade C 
Examination with emphasis on radio frequency 
subjects. The occupant of the post will also be 
required to carry out some operational duties 
Qualifications: Candidates must possess—(i) (a) The 
Final Certificate of the City and Guilds of London 
Institute in Electrical Engineering/Radio Engineering 
or equivalent qualification; or (b) The — 
National Certificate or Diploma in Electrical — 
eering/Radio Engineering or an equivalent quali 
tion; and (ii) at least seven years industrial and/or 
teaching experience after obtaining the qualifications 
in (i) (a) or (i) (b) above. Salary in range £1,850~- 
.050 per annum. Appeintments will be made on 
limited “1ST mo terms for three tours of duty 
each of I 18 months. Entry point in the scale 
ions and experience. Gratuity 
£150 per pot a Free for officer, wife and 
up to three children under 18 years, and in addition 
an education allowance for children when not resident 
in Ghana and attending full-time school of £110 a 
child for up to three children under 18 years. Accom- 
modation at low rental and generous leave on full 
pay. Interest free advance for car, and car mainten- 
ance allowance may be granted. Income Tax at lew 
local rates. For application forms, please send 
The Director of Recruitment, Ghana 
Tottenham Court Road, 
W 5292 





Postcard to 
High Commission, 248, 
London, W.1. 


RADIOLOGICAL PROTECTION SERVICE 
(Ministry of Health and Medical Research Council), 
Clifton Avenue, Belmont, Sutton, Surrey, requires 
Technical Officer to assist in the development and 
maintenance of electronic equipment used in measure- 
ment of low levels of ionizing radiations. Experience 
in electronics essential and experience in design of 
radiation measuring che: an advantage. 
Minimum quillhestines: University degree, 
or equivalent, plus appr opriate experience. Salary 
£920-£1,260 p.a. plus London wee Applica- 
tions, with the name and address o' 

the Director, at the above address. 


two referees, to 
W 5286 


SENIOR TECHNICIAN REQUIRED for the 
maintenance of two 6 MeV. Linear Accelerators and 
one 2 MeV. Van de Graaff X-ray Generator. Good 
general electronic and micro-wave background 
essential; experience on linear accelerators desirable, 
some knowledge of radiation precautions and safety 
procedure would be helpful. Salary rising up to £905 
plus £30 London Weighting. Applications should be 
addressed to the House Governor, Royal Marsden 
Hospital, Fulham Road, London, S.W.3. W 52388 





CLASSIFIED ADVERTISEMENTS 
continued on page 2/2 
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This valve now 
has the 

American number 
79 72 

issued by 

E.1.A. 


this 


Ediswan 


valve 


is going 
We'd like to hook a finger in your buttonhole and 
O COS give you the whole story of our improved valve pro- 


duction—the new machines that we’ve developed 


ourselves, the brilliant time and labour saving 
O U techniques our bright boys have worked out, and 
the gratifying response to our drive for increased 


efficiency. But we’ll spare you and simply say that 


tT the result of it all is a drop in the prices of a number 
j os of our valves. The 13E1 is one of them. Write to us 


and we’ll tell you about the others. 


EDISWAN 131. A tetrode with an outstanding performance 
for series or shunt regulation. 
enie 1 > Va (max) Ds (max) Tc (maz) 


EDISWAN INDUSTRIAL VALVES & CRI’s 


d Electrical industries Ltd Radio & Electronic Components Division, 155 Charing Cross Road, London W.C.2 Telephone: GERrard 9797 
TA 16/21 
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OFFICIAL APPOINTMENTS (Cont'd.) 








ENGINEERS FOR RESEARCH AND DE- 
VELOPMENT IN GOVERNMENT SERVICE. 
Following are examples of vacancies at Scientific 
Officer (£738-£1,222) or Senior Scientific Officer 
(£1,342-£1,654) level now available: Post Office 
Research Station, Dollis Hill, London—Long 
Distance Radio Communication using Satellites, 
involving work on Masers, parametric amplifiers, 
large steerable antennae, etc (Scientific Officer or 
Senior Scientific Officer). Hydraulics Research 
Station, Wallingford, Berks—Civil or mechanical 
engineer or physicist with knowledge of mechanics of 
fluids to be engaged in Studies of Hydraulic Problems 
in the field of civil engineering, including scale model 
investigation and basic research. (Scientific Officer). 
Royal Radar Establishment, Malvern, Worcs.— 
Light Electrical Engineer for research in Air Traffic 
Data Handling Techniques involving data extraction, 
digital electronic computation and data transmission 
(scientific officer or senior scientific officer). There 
are many other vacancies for Research and Develop- 
ment Engineers and most scientific disciplines. All 
posts carry a p Good pr prospects. 
Enquiries to Civil Service Commission (Scientific 
Branch), 17 North Audley Street, London, W.1, 
Stating age, qualifications, etc. W 5309 








RESEARCH FELLOWSHIPS » Government 
Establishments. Tenable for three 
Value £1, - ey p.a. (Senior) and £91 1,220 


2. (Junior. Se ee ee! 


p dey egg 
pa ER an 4 quoting S/5244/61. W's311 
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PHYSICISTS MATHEMATICIANS 
CHEMISTS ENGINEERS (Electrical, Electronic, 
cm (for aircraft structures) and Mechanical) 

q din R h and Development Establish- 
ments in Ministry of Aviation mainly in Southern 
England. There are well equipped modern labora- 
tories with first class opportunities in a wide range of 
research and development work including: Solid 
State Physics, Radio Astronomy, Air Traffic Control 
Systems, Inertial Navigation, Satellite Instrumentation, 
High Speed Computors, Guidance Systems and 
Servo-mechanisms. Gas Turbine and Rocket Propulsion, 
Equipments for Aircraft and Air Crew. Chemists 
required in fields of High Polymers, Adhesives, 
Lubrication, Ceramics, Textiles. Appointments in 
gtades of Senior Scientific Officer: £1,342-£1,654; 
Scientific Officer: £738-£1.222. Starting salary 
according to experience. Superannuation under 
F.S.S.U. annual increments. Good Promotion 
Prospects. Ist or 2nd class Honours Degree, Dip. 
Teh. or equivalent required, and for S.S.O. at least 
3 years post-graduate research experience. Applica- 
tion forms and booklet obtainable from: Assistant 
Director (Est. 3 R.1.) Ministry of Aviation, Room 
509, Adelphi, John Adam Street, London, W.C.2, 
(quoting MOA. HC/2D/0746/BR). W 5281 








we vain tpt 0 CIVIL SODLUES axed men 

women for roy ous xperimental 

M a i —~ i i Shei, 
a tics, ysics, Mintoueen 

Bi Sciences. ing, i 


31 for (a), and at least 18 

under jifications should 

normally include H.S.C., or G. .E., or equivalent, 
or H.N.C., a Universi Degree, or a Diploma in 
Ti , ao ion i ing examina- 
tions in 1 Inner London salary : (a) £1,147- 
£1,396; (b) 5803 (at 18) to £856 (26 or ‘over) rising 
to El, 038. Promotion ‘ospects. Further education 
facilities. Write, Civil ‘ice Commission, 17 North 
Audley London, W.1, for ae | = 
quoting 95/61. $299 


— SCIENTIFIC CIVIL SERVICE needs 
and women for jonable posts as 

Assistants (Scientific). at least 17 and nor- 

mally under 27 on 31/ 61, with appropriate 

educational or technical qualifications (normally 

G.C.E. with passes at ‘O’ or ‘A’ level in four 

distinct subj including English 

and a Scientific or Mathematical subject, or O.N. 

or equivalent qualifications) and at least one year’ 's 


tory as glass- 

blowing. National salary from £354 (at 17) to £551 
at 25 or over) rising to £723. Promotion poem. 
ive-day week ally. Write, Civil Service 
Commission, 17 North Audley Street, London, W.1, 
for application form, quoting S/59/61. W 5300 
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SOUTH EAST LONDON TECHNICAL 
penne oe Lewisham Way, London, S.E.4 Depart- 
of Electrical and Applied Physics. 
Applications are invited for in Electrical 
ing. Candidates should be well qualified 

have had i experience in one or more of 
the following branches: (a) Instrumentation and 
Control systems. (b) Light Current Electrical 
(c) Electronic Industrial Applications. 

(d) Electrical Po Power The Department 
offers Full-time, “Sandw Part-time Day and 
Evening Courses. Salary: "eras to £1,601 with 
possible entry above the minimum. Application 
forms from the returnable within two 
weeks, quoting (FE. FE. 3e/E/2086/8). W 5296 





THE UNIVERSITY OF LIVERPOOL. . Applica- 
tions are invited for a post of Assistant Computer 
Maintenance for a DEUCE computing 
machine installation. Previous experience of com- 
puter maintenance not essential, but a knowledge of 
computer design, or of pulse techniques as applied 
to radar would be advantageous. Initial salary on 
the scale £800 x £90—-£1,000 per sumem according 00 
qualifications and experience. Further part 

and forms of ap; —— may be obtained from, 
The Registrar, University, Liverpool, 3, to 
whom applications, quoting Reference CV/EE, 
should be forwarded as soon as possible. W 5298 


Fer t+ saa OF GHANA. —— patie 
mg a. are invi ‘or a Junior 
Research Fellowship or . Post in the 
t of a ml hang hy researc! Project deals 
Deparment success 
ful applicant would onuete a maintain electronic 
uipment and also do some constructional werk. 
setting up and operating of a temporary station 

at a num of locations is involved, and would 
provide op unity for seeing various parts of the 
country. tions: a degree in Physics, Elec- 
tronics or Electrical es ing, with considerable 








also considered. Appoi v" 
from October ny 1961 or soon after. Salary in the 
range £G900-£G per annum, plus car allowance 
of 150 and enone 4 of £G150 on completion of 
contract. First class sea, 7 tourist air passages 
ovided at commencement and finish of contract. 
urnished housing provided at not more than 7.5 

& cent of salary. Applications (four copies) with 
1 details of qualifications, experience, etc., and 
naming three referees to be sent before 18th Septem- 
ber, 1961 to the Assistant Registrar (London), 
University of Ghana, 15 Gordon Square, London, 
W.C.1, from whom further information may be 
obtained W 5315 


WATFORD TECHNICAL COLLEGE Hemp- 
stead Road, Watford, Herts. Applications are 
invited for the post of Head of The artment of 
geo which will become vacant on Ist January, 
1962. The Department provides H.N.D. (Sandwich) 
and National Certificate courses in Mechanical and 
National Certificate courses in Mechanical and 

1 Engineering, a course of Part III of the 
LE.E. examination and has a well-developed section 
for Production Engineering. Candidates should have 
high academic qualifications with good industrial 
and teaching experience. Research experience would 
be an added advantage. Salary scale (Head of 
Department Grade IV) £1, 950 x ts0-£2, 100. Appli- 
cation forms (returnable by 6th October) and further 
details available from the Principal. W 5310 


WHITTINGHAM HOSPITAL MANAGE. 
MENT COMMITTEE invite applications for the 
post of Technician to work in Electronics. The work 
involves medical ronic research especially in 
= to a treatment and 
vious know 
appointment in the first 
instance is for one year only but there is the possibility 
of extension for a fi period. post offers 
excellent opportunity for a young man entering the 
field of electronic work, and in particular the field 
of medical electronics is expanding rapidly. The 
salary is between £625 740 p.a. according to 
ability. Applications, giving full details of education 
and previous experience in this work, if any, to be 
sent to the Secretary, Whittingham Hospital, Nr. 
Preston, Lancs., as soon as possible. W 5302 
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UNIVERSITY OF SOUTHAMPTON. Senior 
Technical Assistant required in Physics Department 
to help in design and construction of electronic and 
other instruments to be used in rockets and artificial 
earth satellites. Desirable qualifications: experience 
in use of transistors, familiarity with nm in- 
strumentation and some knowledge of workshop 

actice. Appointment for 3 years in first instance. 
Soiary up to £845 per annum according to experience. 
Applications giving full details of experience and 
qualifications and names of two referees, to Secretary 
and R: trar, University of Southampton, as soon 
as possible. W 5316 





SITUATIONS VACANT 





ELECTRONIC ENGINEER REQUIRED for 
Senior position in R. and D. Division (South Coast) 
of Electronics Group. Considerable transistor 
circuitry experience and familiarity with miniature 
techniques, particularly in airborne — 
essential. Write, giving full details -— 

required to Managing Director, Box No. s288, 


ELECTRONIC TECHNICIAN with good 
practical and theoretical knowledge of general 
electronics and a working know of sheet metal 
and light engineering practice. rite giving full 
details: Grundy & Partners Ltd., 3, The Causeway, 
Teddington, Middx. W 5214 


HIVAC COMPANY a Company associated with 
the yy my field, 


i e i in “aoe Ey would .x: an 
advantage but is not essential. Vacancies exist for 
senior and junior staff. The posts are pension- 

able and offer considerable scope for advancement. 
A tions, which will be treated in strict con- 
, should iressed to Engineer-in- 

Chief, ‘Hivac Limited, Stonefield Way, Victoria 
Road, South Ruislip, Middiesex. W 5264 


INSTRUMENT AND CONTROL SYSTEMS 
ENGINEER required by the United Kingdom 
Atomic Energy Authority to carry out studies on 
existing systems of instrumentation including in- 
strumentation of test facilities in the Dounreay 
Materials Testing Reactor and also to draw up 
technical proposals for new instrumentation and 
control schemes. The successful candidate will 
carry out the basic design work involved and super- 
vise development and manufacture using resources of 
industry where appropriate. Applicants should be 
corporate members of LE.E. and in addition a 
degree in light electrical engineering or physics 
would be an advantage. Experience of industrial 
control and instrumentation is expected and some 
knowledge of digital and analogue computors is 
desirable. Salary between £1,560 and £2,090 accord- 
ing to qualifications and experience. Rented housing 
and house purchase assistance available for married 
officers living beyond daily travelling distance. 
Single accommodation available. Contributory 
superannuation. Send postcard for application form 
to Personnel Manager, U.K.A.E.A., D.E.R.E., 
Dounreay, Thurso, Caithness, quoting reference 
277/42. W 5293 
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RE vow INTERESTED in joining a team 
Development engaged 

auto-pilots for new 

Po 1 
are desirous of appointing 
Assistant 
ee 8 
of and 





1.C.T. LTD. International Computers and Tabula- 
tors Data Processing. Electronic Engineers are 
required to specialise, after training, on Electronic 
Calculators and Computors installed or to be in- 
stalled in Greater London and Industrial Midlands 
area. The following training and experience is 
required: (1) Experience in the maintenance and 
repair of electronic equipment (Pulse Techniques) 
either in industry or in H.M. Forces; an ability to 
handle bench tools and instruments and an apprecia- 
tion of the effect of electrical and electronic circuits 
on complex mechanisms. (2) Qualifications. National 
Certificate (Electrical) or have at least covered 
Section B of the City and Guilds Certificate in 
telecommunications. Applicants with experience on 
Radar in H.M. Forces will also be welcomed. These 
are salaried positions which offer: (A) A pro- 
gressive career. (B) Retirement benefits. (C) An 
excellent sick pay scheme. (D) Holiday entitlement 
extended to three weeks after five years’ service 
Applicants who have this training and experience, 
who are in the age group 24—32 years and who seek a 
career with infinite lasting interest, are invited to 
write in strictest confidence to: Mr. E. J. Reeves, 
The Principal,” Field Engineering Personnel Section 
5-11 Holborn Bars, E.C.1. W 5303 





ELECTRONICS ENGINEER required for inier- 
esting work concerned with the development of 
electronic equipment for printing machinery. Experi- 
ence in design of television circuitry and photo- 
electric control equipment would be an advantage. 
Applicants must be British by birth and not over the 
age of 35; qualifications should include either a 
University Degree or membership of a professional 
institution. The post is permanent and pensionable 
under a non-contributory scheme. Housing loan 
facilities are available in approved cases after an 
initial period of service. Apply in writing, giving 
details, of qualifications and experience to: The 
Staff Manager, Bank of England Printing Works, 
Langston Road, Loughton, Essex. Ww 5308 








INTERNATIONAL ELECTRONICS LTD. 
Manufacturers of wide range of stabilised power 
supply units are requiring additional sales engineers 
due to a rapid expansion. Young men with a technical 
background and a flair for selling are needed to cover 
territories throughout G.B. Apply in confidence, 
giving full details to: The Sales Manager, Inter- 
national Electronics Ltd., 132/5, Sloane Street, 
London, §.W.1. Training will be given where 
previous experience is lacking. 





OPPORTUNITIES TO JOIN NOW and grow 
with an expanding company. The British Manu- 
facture and Research Co. Ltd., is engaged upon the 
development of: (a) weapon systems employing 
modern fire control equipment for certain N. A. T.O. 


equipment and electro-mechanical devices. 

and Junior Electrical/Electronic Engineers are needed. 
Senior Engineers should preferably be graduates 
with drive and initiative who could later become 
project leaders. Experience on servo snechanisms 
and light current control equipment for (a) and on 
the design of electromechanical devices and switching 
circuitry for (b) would be an advantage. Junior 
Engineers, preferably with HNC or ONC, should 
have some laboratory and/or drawing office experi- 
ence. Applicants must be prepared to travel occasion- 
ally both in this country and abroad for technical 
discussions. The Company, a member of the Hispano 
Group, offers above average salaries plus payment 
for overtime. Canteen, sports facilities, pension 
scheme and sick fund are available. Applications, 
stating qualifications, experience and present salary 
should be addressed to the Chief Engineer, British 
Manufacture and Research Company Limited, 
Grantham, Lincs., quoting ref. EE/EE. W 5305 





TECHNICAL WRITER uired for compiling 

Radio and Television Service uals. Must have 
theoretical and practical knowledge of Radio 

-—# Television Receivers, and the ae 5 LB -— write 
et Se ae A with docnils Se 

etc., (Ref. P.C. “835, Naerpke 

Radio Limited, Welwyn Garden City, Herts. W 
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TELEMETRY ENGINEER Large oil company 
requires a Telemetry Engineer for service in the 
Middle East. Applicants should be Associate 
Members of the Institute of Electrical Engineers and 
have 8 to 10 years experience in the electronic industry 
which should include the operation and maintenance 
of telemetring and remote control equipment, 
preferably as applied to normal communication 
circuits. Knowledge of transistor applications, 
printed circuit techniques and electromechanical 
devices is essential. It is desirable that applicants 
should also have experience of one or more branches 
of communications, i.e. Carrier/repeater systems 
V.F. Telegraphs, Exchanges and Radio. Pensionable 
post with gross pay not less than £3,000 per annum. 
Annual home leave with paid passages. Air con- 
ditioned furnished accommodation provided for 
which rent is charged but owing to shortage of 
married accommodation, married applicants should 
be prepared for initial separation. Applicants aged 
30-40 should write in detail, quoting No. 1022 to 
Box 4219, c/o Charles Barker & Sens Limited, 20, 
Cannon St., London, E.C.4. W 5297 








INTERNATIONAL PRODUCERS of high 
grade soft magnetic materials require an executive 
conversant with the properties of these materials and 
their application in the electronics field. A university 
degree in physics coupled with some sales experience 
would be an advantage. The salary will be according 
to qualifications and experience. A car will be 
provided and a non-contributory pension scheme is 
in operation. Applications which will be treated in 
confidence should be sent to Box No. W 5307. 








SITUATIONS WANTED 





GREATER STAMPING CAPACITY— At lower 
cost. Our new 20 ton Swiss Automatic Punch 
Presses produce up to 84,000 finest precision stamp- 
ings per hour. Capacity is also available for: Cold 
tolled and cold drawn Metal Sections, in self-colour 
or decorative finishes (strip width up to 4 in., strip 
thickness up to 19 SWG). Precision Strip-Slitting 
from 6 in. and 22 SWG down to any size required. 
Electrolytic Polishing of brass, nickel-silver, gilding 
metal and copper. Phone our Sales Manager, 
Burgess Hill 86505 and 2521. Hettich (GB) Ltd., 
Victoria Road, Burgess Hill, Sussex. W $222 





Eltron Ea — Ng ag Oy Runs 


toa Bancroft Hitchin, Herts. Tel. No. wast 


PLEASE gay’ a ees | prototype or 
fe Full facilities avail- 


chassis wiring, 
nah ‘onics Lid., 42 Langley Street, Luton. win 
il 





EDUCATIONAL 





BATTERSEA COLLEGE OF TECHNOLOGY 
London, S.W.11 (Spectroscopy Section). A course of 
six evening lectures on “Solid State Devices” will be 

ven on Thursdays, 7 p.m. commencing Sth October 
961. Fee 10s. Details and application forms may 
be obtained from the Secretary (Spectroscopy 
Courses). W 5287 


CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent successes. 
For details of modern courses in all branches 
of Electrical Engineering. Applied a 
Automation, etc., send for our Te 

—FREE and post free. 7 a 3370), 
29 Wright’s Lane, London, W.8. 


LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and buildin, = radio Bere IO, | as you 
learn’. Free Brochure EE10, Radio- 
structor, Reading, Berks. W 353 


MIDDLESEX COUNTY COUNCIL  Educa- 
tion Committee. Twickenham Technical bn 
Egerton Road, Twickenham, Middx. Principa 

J. P. Wolfenden, M.Sc., M.LE.E. Special Shor 
Full-time Courses. Electronic Circuit 

4-week course from Monday, 2nd October to Friday, 
28th October, 1961. This will deal with the applica- 
tion of analytical and graphical methods in the 
design of transistor and valve circuits. Transistor 
Theory and Applications: 4-week course from 
Monday, 6th November to Friday, Ist December 
1961. This course is intended to give a basic under- 
standing of transistors Rm their applications in 
of Automatic Control: 





pe ey ot ENGINEER, Fy Boy 31, , aan, 5 ay 


Soanent vemployed by Le Seinen os a specialist 
in aspects of airborne radar equipments pertaining 
to servicing, installation and operating problems, 
customer liaison, etc. However, any other type of 
work will be considered, particularly if connected 
with aviation. Box No. W 2054. 





CAPACITY AVAILABLE 


4-week course from Mond y, 15th January to Friday, 
9th February, 1962. Students will study the principles 
of linear systems and the theory and practice of 
measuring and evaluating the performance of actual 
and simulated systems. h course will be divided 
between formal lectures, tutorials and laboratory 
work in new, = equipped laboratories. The fee 
for each course is 3 guineas. Special Lecture Courses. 
Pulse — Design: 23 evening lectures 7.0 p.m. 

. commencing Thursday, 28th September, 

ioeouee is for those engaged in fundamental 
circuit develo t involving pulse techniques. Fee, 
£2. Printed Circuit Techniques: 12 evening lectures 





IMMEDIATE CAPACITY AVAILABLE | for 


Coil in 

of V.H.F. and ak 

or production runs. 

Electronic Ltd., 282, Sussex Way, London, Wy at 
5: 


ELECTRONIC ENGINEERING 


70 p.m. * By = +» commencing Friday, 22nd 
Ss uring the course printed circuits 
will be ap by different methods. Fee, £1. 
Basic Nuclear Measurements: Laboratory course of 
8 meetings. Course A—2.0 p.m. to 5.0 p.m. Course 
. .m. to 9.30 p.m. Commencing Wednesday, 
4th October, 1961. Fee, £1. Brochures and applica- 
tion forms are available from the Principal. oem 
POPesgrove 6656. 5304 


THE POLYTECHNIC 309 Regent Street, London, 
w.i, oo Mathema' 


it tics and Physics. 

The following courses of lectures have been 

in September 1961: 1. Mathematica 

:on Tuesday, Thursday and Friday evenings. 
2 Siemon Mathematics for Scientists and 
eers: on Tuesday and Wednesday evenings. 3. Mod- 
ern Electric Network Theory: on Monday evenings. 
4. Automatic Digital Computers: onTuesday evenings. 
5. More Advanced Electronics: on ednesday 
evenings. 6. Microwave Principles and Practice: 
on Way pee = evenings. 7. apne ae Theory 
with Applications: on Tuesday evenin: 8. Quantum 
Mechanics: on Tuesday evenings. ull particulars 
may be obtained on application to the Director of 
Education. W 5282 


TV. AND RADIO—A.M Brit. RE. City & 
Guilds, R.T.E.B. Certificate, etc., on “NO PASS— 
NO FEE” terms. Over 95 cent successes. For 
details of Examination and Home Training Courses 
—t —— apparatus) in all branches of 

and Electronics, write for 148-page 
handbook—Free. B.1.E.T. (Dept. 337H), 29 Wright's 
Lane, London, W.8. W 187 








GERALD FISHER ENGINEERING LTD., 
Lancs. All types of electronic and electrical assembly 
work undertaken to your requirements. Chassis 
wiring, —o a, eee. Hampden Road, 
Shaw, Lancs. W 2049 


METALWORK. All cabinets, chassis, racks, 
etc., to your own s ions. Philpott’s Metal- 
works Ltd., Chapman oy Loughborough. w aes 


EXTRA PRODUCTION FACILITIES: Skilled 
workers + floor + expert supervision = 
extra production facilities for you. See page TP oss 








50,008 PRECISION INSTRUMENT GEARS 
of all types from stock. (Now including spiral 
bevels.) Write for fully comprehensive catalogue. 
The Davall Gear Company Limited, Potters Bar, 
Middlesex (Telephone No. Potters Bar 2382). 

W 357 





FOR SALE. Surplus to our requirements new un- 
used Fans. 123—Aerofvil Fans Type 8.1IQE, 84 in. 
short casing. 220/250V. 1,350 r.p.m. 50 cycles. 
Single Phase. 343—Aerofoil Fans Type 6.1PD. 6 in. 
short casing. 115/230V. 2,500 r.p.m. 50 cycles. 
Single Phase. Manufactured by Woods of Col- 
chester, from whom repeats can be obtained. For 
further details apply: J. F. Crosfield Ltd., 2 Elthorne 


Road, London, N.19. Tel.: ARChway 7531. 
W 5312 





BOOK REQUIRED 





—— REQUIRED. Television Optics by L. M. 
Myers, published in 1936 by Pitmans. Good price 
id for a copy in any condition. R. W. Franklin, 3, 

Siescstes Street, London, N.7. Tel.: ARChway ip + 

W 2053 


SEPTEMBER 1961 
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SOLARTROMN development leads the world 


To help meet the increasing demand for our range of electronic equipment, a number of first-class career 
opportunities are available for suitably qualified electronic engineers. 


SIMULATION AND TRAINING DEVICES 


This Group, expanding rapidly, is designing and developing advanced simulation systems using digital and analogue 
techniques. 


Responsibility for a major project necessitates at least five years experience in PROJECT LEADERS 
systems engineering and/or digital techniques and/or analogue techniques. 
1. General experience in transistorised digital and/or analogue techniques or 


SENIOR ENGINEERS 2. Experience in digital package and core store design or 
3. 


Several years experience of logical design. 


ELECTRONIC MEASUREMENT TECHNIQUES 


The Instrument Groups are concerned with the ever widening application of electronic techniques to problems of measure- 
ment. Examples of areas in which the group are working are digital instruments, transistorised counters and complex noise 
analysis. 


The prime requirement is evidence of pulse/analogue/digital circuit design ability. SENIOR ENGINEERS 


COMPUTER DESIGN 


Our successful activities in analogue, digital and hybrid computing continue to grow rapidly; and the advanced techniques 
in use offer a number of interesting opportunities. 


SENIOR ENGINEERS General experience in analogue or transistorised digital techniques. 


TRANSDUCERS 


Various forms of transducers and associated equipment for industrial and process control applications are being developed 
and the programme is being stepped up. 


This man will control the whole activity. He will need to be an outstanding 
creative engineer with a degree or equivalent qualification backed up by at least GROUP LEADER 
five years experience in one of the following fields: precision electrical, mechanical 


or physical measurements, transducers of advanced design. 


SENIOR ENGINEERS Similar background but slightly less experience. 


DIGITAL DATA SYSTEMS 


We are developing digital data systems with wide application to industrial and aircraft measurements and automatic control. 


General experience in instrumentation, preferably digital, is required. SENIOR ENGINEERS 


Our new development laboratories at our recently opened Farnborough Headquarters, provide ideal conditions 
for interesting and productive effort—why not call and see for yourself ? 


; ‘ ‘ f 
 ~eemeeeee @2teeetas @ ine Beewe: 
: eee ’ 


Write or phone: S. C. Golding, Group Personnel Officer, 
THE SOLARTRON ELECTRONIC GROUP LTD., Victoria Road, Farnborough, Hants. Telephone: Farnborough 3000 
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AUTOMATIC TELEPHONE 
& ELECTRIC COMPANY LTD. 


Electronic Data Handling 


The Company is engaged upon the development of 
large data handling systems involving a variety of 
techniques, from computing to data presentation. 
Progressive vacancies occur in the following categories: 


System Engineers 
Education in light current electrical engineering to 
degree standard or equivalent is preferred. Experience 
in data handling techniques and/or logical design, and 
the ability to interpret and assess customers’ facility 
requirements in terms of system capability are of 
primary importance. The work requires a considerable 
amount of customer liaison and close co-operation with 
circuit design engineers. 


Programmers 

Electrical Engineers or mathematicians qualified to 
degree standard or equivalent. Experience in pro- 
gramming digital machines and an interest in “logical 
decision” programming, rather than pure calculation, 
is desirable. Close co-operation with system designers 
and the ability to achieve a grasp of the system function 
and principles are a necessary part of the work. 


If you are interested in this class of work please write to: 


The Personnel Manager 
AUTOMATIC TELEPHONE 
& ELECTRIC COMPANY LTD. 
Strowger Works, Edge Lane, Liverpool 7 
giving details of age, qualifications and experience, and 
quoting ref. EDH. 


Posts are on the Company’s established staff with 
superannuation scheme and full welfare facilities. 
Assistance with housing will be given in approved cases. 





UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


PRODUCTION GROUP 
INSTRUMENT MECHANICS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training Courses 
in Specialised Techniques are provided for successful 
applicants having suitable instrumentation background. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion 
prospects are good. 


Applications to:— 


Works Labour Manager, Works Labour Manager, 


Windscale and was or Chapelcross Works, 
Sellafield, Annan, Dumfriesshire, 
Seascale, Cumberland. Scotland. 




















PRECISION 
WIREWOUND RESISTORS 


As one of the leading British manufacturers of Precision 
Wirewound Resistors we are anxious to hear from 
reputable Agents in all parts of Europe, U.S.A., etc., 
who feel qualified to represent our interests in their 
country. 


Please write giving full particulars to Box W 5289. 














Electronic Development Engineers— 
South Coast 


We are looking for men with enthusiasm and initiative to join 
our development team. 


|. Factory Test Gear Development Engineer 


The man appointed will be engaged on varied work, applications 
ranging from L.F. to U.H.F. While H.N.C. with 3 years’ 
experience in the Radio and T.V. field would be desirable a 
man with a good technical background coupled with experience 
would be considered. Preferred age group 25 to 35. 


2. Development Laboratory Engineer 


For this appointment T.V. experience preferably on the Tuner 
and R.F. side is essential. 

The work will initially be on printed circuit T.V. tuners, but 
opportunity exists for a young Engineer of ability to continue 
his studies and broaden his scope. Preferred age under 28. 


3. Deflector Coils Development Engineer 


We also have a vacancy for a man with considerable experience 
in the design and development of deflector coils. Academic 
qualifications would be an advantage but are not as essential as 
at least 3 years current work on deflector coils. 

This is a Senior appointment and age is of secondary importance, 


These appointments offer the opportunity to work for a Company 
who have been pioneers in the development of electronic 
equipment. 

The Factory is situated in a very pleasant part of the South 
Coast on the outskirts of Poole. 5 miles from Bournemouth 
and with excellent facilities for education and sport. 

Both appointments carry staff conditions with Contributory 
Pension Scheme, and good welfare and social facilities. Salaries 
will be dependent on age and experience. Assistance will be 
en with removal expenses where appropriate, and existing 
oliday arrangements will be honoured. 

Letters of application which should be accompanied by tabulated 
details of education, experience and present salary, will be 
treated in strict confidence and should be addressed to:— 


Personnel Officer 


Sidney S. Bird & Sons Limited 


FLEETS LANE, POOLE, DORSET 
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DESIGN AND 
DEVELOPMENT 


A senior electronic engineer is required to join the 
Research Division of a rapidly expanding Company 
where prospects for advancement in the computer 
field are excellent. 


Experience of circuit design is essential, preferably 
of transistor digital type circuits. 


The successful applicant is likely to be under the 
age of 30 and will have graduate or H.N.C. 
qualifications. He will be offered a high starting 
salary. There is a Pension Fund and free Life 
Insurance scheme. The work is located at North 
Acton. Write giving details of qualifications, 
experience, age and present salary to:— 


Personnel Manager, 
LEO Computers Limited, 
Hartree House, Queensway, 
London, W.2. 











ENGLISH ELECTRIC VALVE CO. LTD. 


Application Engineer 


An interesting and progressive technical position 
with the staff of the Small Valve Division exists for a 
man with sound experience in V.H.F. communications 
equipment. Education technically should be to H.N.C. 
standard. 


Experience in R.F. industrial heating would be an 
advantage. 


The successful applicant will be required to liaise 
with the Company’s customers on technical problems 
in their equipment and to advise the Small Valve 
Division on the use of their products. Other respon- 
sibilities will include the calibration and maintenance of 
test equipment and the design and development of new 
equipment. 


Age range 25 to 45. 


Apply to Mr. G. M. Smith, Dept. G.P.S., English 
Electric House, Strand, London, W.C.2, quoting refer- 
ence number EE1597L. 


(receeeeennencnceetncniteten 

















—————— 


STONE-PLATT INDUSTRIES LIMITED 
offer progressive careers for 


Electronic and Mechanical Engineers 


in their electronics subsidiary based at Feltham, 
Middx. 


Vacancies exist at all levels for development and 

applications engineers to work on a wide range of 

interesting projects in the field of data gathering 
and recording. 





Sales Engineer 


An experienced Sales Engineer is also required to 
sell magnetic tape recording equipment to Industry, 
Research Laboratories, etc. 


Apply in writing to;— 
The Secretary, 
Epsylon Industries Ltd., 
Faggs Road, Feltham, Middx. 





stonn@)riar Tr 


| 


























[dlerranti electronics 


MANCHESTER 


An interesting vacancy has arisen for a 


TECHNICAL ASSISTANT 


for work associated with testing high power 
microwave klystrons. 


Candidates should hold H.N.C. (Elect) and 
have experience of organising test schedules 
for industrial and Service requirements. 


Forms of application can be obtained from 


T. J. LUNT, (Staff Manager), 
FERRANTI LIMITED 
Hollinwood, Lancs. 


Please quote reference JRP. 
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HAWKER 
| 2] 2) i ee 
AVIATION 


Interesting opportunities 
for Electronic Engineers 


in the Instruments Research Department of the 
Weapons Research Division of A. V. Roe & Co. 
Limited at Woodford, Cheshire. 


(a) SENIOR ELECTRONIC 
EQUIPMENT DESIGNER 


to lead a section working on the development of 
airborne and ground support equipment. This senior 
post offers challenge and opportunity to a person with 
a suitable science degree or H.N.C. backed by appro- 
priate experience. 


(b) SENIOR ELECTRONIC 
ENGINEER 


. To be responsible for the technical co-ordination of 
development work and for the commissioning of 
electronic equipment. This post, too, offers a stimulat- 
ing opportunity to a person with a suitable science 
degree or H.N.C. qualification coupled with appropriate 
background experience. 


(c) ELECTRONIC RESEARCH 
ENGINEER 


to carry out detailed design investigations on minia- 
turised electronic systems. This is an excellent opening 
for a person with a degree or H.N.C. qualification and 
an interest in this field. 


The Weapons Research Division is situated at an 
airfield in a pleasantly rural part of Cheshire with good 
access to housing, shops and transport. There is a 
superannuation scheme in operation and excellent 
canteen facilities. 

Please write, stating the post in which you are interested 
and quoting reference R.235/A to:— 


The Personnel Officer 
A. V. ROE & CO. LIMITED 
Greengate, Middleton, Manchester 


A. VW. ROE 4&4 CO 
LIMITED 


Seecaeeacensesee, 





APC 


RESEARCH AND DEVELOPMENT 


The following vacancy has arisen in the Physics and Instrumentation 
Division of the Company's Research and Development Laboratories at 
Heston, Middlesex. 


ELECTRONIC ENGINEER or PHYSICIST 


A vacancy exists in the Radiation Physics Group for a man with a good 
honours degree or Diploma of Technology in Physics or Electrical 
Engineering, experience in pulse or jnucieonic circuitry. Applicants 
should also have had formal training in or have good experience of solid 
state devices. The Laboratory is well equipped with modern equipment, 
and has excellent supporting facilities. There will be opportunities to 
learn or practice other branches of electronics such as industrial control 
and instrumentation. Original work is encouraged. 


Life Assurance and Superannuation Scheme, 5 day week. 

A giving full details of qualifications and experience should be 

pes moc oda 

Personnel Manager, (Ref. EE/195), Atomic Power Constructions Limited, 
P.O. Box 90, 28 Road, London, W.C.1. 














ELECTRONIC 
ENGINEERS 


AEI would like to engage a number of 
Electronic Engineers for development of 
special purpose transducers and associ- 
ated instruments. The work is varied and 
interesting and necessitates working 
with up-to-date techniques. 
Engineering experience and/or an ap- 
prenticeship in an electronic field would 
be a distinct advantage, and apprecia- 
tion of vibrations and mechanical design 
would be helpful. Candidates with 
H.N.C., O.N.C. or equivalent are invited 
to write to the following address, giving 
details of age, experience, qualifications 
and present salary: 


Staff Manager, (V.20) 


Associated Electrical Industries (Manchester) Ltd. 
Trafford Park, Manchester 17. 











ROBAND 


DEVELOPMENT ENGINEERS to work on 
original project involving regulated power supplies, 
inverters and general instrumentation. The 
successful applicants will need to have several 
years’ experience in electronics and at least 3 
years’ experience in one of the above fields. 
A flair for original circuit design is essential. 
This is an excellent opportunity to join a very 
rapidly expanding company. 

Initial salary ... £1,500—£1,700 per annum with 
real prospects of earning a salary well in excess 
of £2,000 in the near future, 


and 


DEVELOPMENT ENGINEERS to assist on 
the above projects. The successful candidates will 
have some experience in electronics and, prefer- 
ably, will have an appropriate qualification. Only 
those with ambition to mature into first class 
senior engineers in our company will be considered. 
Initial salary ... up to £1,200 per annum. 


Apply in writing to—Managing Director, 

Roband Electronics Ltd., Beulah Works, 

Beulah Road, Thornton Heath, Surrey. 
Teleph LiVing 6606 
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NELSON RESEARCH LABORATORIES 


STAFFORD 





PHYSICISTS, ELECTRONIC AND 
RADIO ENGINEERS 


to work in a group carrying out 
research in: PLASMA PHYSICS 


some of the immediate problems concern: 


i The development of High Speed Measurirg Techniques 
of all kinds including spectroscopy and photography. 


2 The application of High Power at microwave and 
U.H.F. frequencies to gas ° 
3 The use of microwaves in diagnostic techniques. 


Vacancies exist at ail levels of seniority and applicants should possess wide 
interests and outstanding ability. Please apply in confidence to the Director, 
Group Personnel Services, English Electric House, Strand, London, W.C.2, 
quoting reference EE 913Y. 








NEW HIGH VOLTAGE DEVELOPMENTS 
AT 


Increased demand for our products enables us to offer new positions in 
our High Voltage Tube Division to:— 


ENGINEERS 
PHYSICISTS 
TECHNICAL ASSISTANTS 


These men will form part of a team working on the development of 
H.V. Valves and gas filled devices, X-ray Tubes and lonisation Chambers, 
and the work includes Plant design and Project Research. 


Men with a Degree, Dip. Tech. or H.N.C. would be preferred but 
men and women with suitable experience in the Valve or X-ray industry 
will also be considered. 


The Division has a record of rapid expansion and the prospects here 
are correspondingly good. There are Pension and Life Assurance Schemes 
in operation. 


Evening and Saturday interviews can be arranged. 


Please write in detail to:— 


The Personnel Manager (Ref. 404) 


ELLIOTT BROTHERS (LONDON) LIMITED 


Elstree Way, Borehamwood, HERTS. 











IMPERIAL CHEMICAL INDUSTRIES LIMITED 
PLASTICS DIVISION 


has vacancies at its headquarters at Welwyn Garden City for the following appointments: 
a. ENGINEER (DESIGNER) for design of instrumentation, including automatic control of plastics and chemical 


plant. . 


b. EXPERIMENTAL OFFICER for work on instrument evaluation and automatic control systems. Knowledge 


of machine tools and workshop practice an advantage. 


c. EXPERIMENTAL OFFICER for work on the development of electronic equipment for use in the measurement 


of control field. 


Candidates should preferably hold an appropriate Higher National Certificate and must have had some experience 


relevant to the vacancy in question. 


Excellent conditions of service include a 37} hour, five day week, a Pension Fund and a Profit Sharing scheme. For 
married men assistance is given towards removal expenses and a lodging allowance. 


Apply briefly, quoting reference No. 5137AA, to the Personnel Officer, Imperial Chemical Industries, Plastics Division, 


Bessemer Road, Welwyn Garden City, Herts. 








BARR & STROUD LTD 
ELECTRONICS 


i Electronics 
Laboratory are vacant and applications are invited 

from candidates with suitable experience. Salaries 

appropriate to qualifications, age and experience 

will be paid. 
GRADUATE ENGINEER OR PHYSICIST with a knowledge of 
pulse circuitry for work on computers. successful applicant 
will be expected to lead a section within a larger group and as a 
minimum should have five years’ post-graduate experincee. 
RECENTLY QUALIFIED GRADUATE Preferably with some 
industria] experience to join a section on the above work. 
ELECTRICAL ENGINEER with H.N.C. or equivalent qualification 
to take charge of assembly work. The applicant in this case should 
have some experience in the supervision of labour. 


Applications stating age, training and experience should be addressed to 
the Secretary, Barr & Stroud Ltd., Anniesland, Glasgow, W.3. 
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PRINCIPAL Expansion of the Marine Equipment 
Unit of The Plessey Company hes 
ELECTRON IC created vacancies for Principal En - 
ineers capable of controlling 
development of complex electronic 
ENGINEERS | cquipmen. 
Candidates are expected to have a good academic 
background and at least 5 years’ experience in a 
senior design position. Familiarity with the re- 
quirements of the Defence Ministries will be 
advantageous. Generous salaries will be paid to 


successful applicants. 
| Plessey 
e 


Please reply giving full details to the 
Personnel ae gr The Plessey 
Company Limited, Ilford Essex., 
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EE 37 276 for further details 
% Instant display on process-free photographic paper 
2% Interchangeable mirror galvanometers 
% Trace writing speed 40,000 inches per second 


The N.E.P 1050 recorder is an invaluable aid to 
the static and dynamic analysis of stress, strain, 
vibration, pressure, displacement, heat transfer . . . 
or any physical or physiological phenomena 

that can be reduced to a change of electric current 
or potential. Frequency response and sensitivity 
can be changed in a matter of seconds with the 
N.E.P plug-in galvanometers. 


Galvanometer Frequency Responses: DC to 3,300 c/s 
Galvanometer Maximum Sensitivity: 1-6 « A/cm. 

Paper size: 120 mm. width—100 ft. length 

Paper speeds: 4 switch selected speeds with a maximum 
of 60 ins./sec. 


1 >) Ch | l Optional items: trace identifier, reduction gearbox, 
ss anne timer, remote control. 


Delivery time: 3 weeks. Available as portable unit 
or standard 19” rack mounted unit. 


Recorders Please write for technical literature 


take the strain precisely! 


| “& 


New Electronic Products Ltd 


MAKERS OF MEDICAL AND INDUSTRIAL INSTRUMENTS 
Head Office and Works 360 Kennington Road London SE 11 Reliance 5161 
ELECTRONIC ENGINEERING 220 SEPTEMBER 





INDEX TO ADVERTISERS 


Castelco (G.B.) Ltd. |. , a Fraser Speller Transformers Lt 

A.C.M. Electronics Ltd. & * 7 Cawkell Research & Electronics Ltd. . . —s be — 
A.P.T. Electronic Industries Ltd. a .° 2 Chapman & oe tee. “4 
ee eS See Saat Co. Led. sa 57 Chichester Rubber C. 
aoe eee tai an 5,84 19 ce. te il Co The Led. 

wi , 84, ing), . 
Aircraft Marine Products (G.B.) Ltd. ie 4 Cole, aad piamermcandnnned a ‘ ; 
eR ay ‘% 5, 0, 
Anders Electronics Ltd. as ma 174 
Arrow Electric Switches Ltd. Py 
Associated Electrical Industries Ltd. ‘Cov 
59, “a2, 121, 131, 154, 185. 1 164, 171, 181, 211, ne 

Pe Constructions Ltd. 

Austinlite (Stone-Chance Ltd.) ¥ M8 
Automatic Telephones & Electric Co. Ltd. .. 216 


TT] 
Peo @ 
Pig 


Eee eee, 
Tronic Association of Japan 
Boulton Paul nal Aiseratt Ltd. Bocwonie zones 108. 
% ’ iott Brothers 
Brandharst & Co. Lid. .: +: - 176 Enalon Plastics Led. 
Brauer + Nm -* .* .* oe Engelhard Industries Ltd. 
poe ies ’ - : *s * ‘a English Electric Co. Lid. (Instruments) 
British Communications English Electric Valve Co. Ltd. 


‘Corpo . Ltd. 
British Insulated Callender’s C: s Cables Ltd. 
British Paints Ltd. 


<P re ws ; Erics . i ‘ 
Broxiea Prod Co. i, = st oh Evans, Frederick W., Ltd. . : 714 International Recher Co. xc B. a Lid. 
Burndept Ltd. : Sa . Tonic Plating Co. 


F 
Cc Farnell Instruments Ltd. oe as ie 
d. - Cover i, 217 
C.R.E.1. (London) Ltd. as , 189, 194 
Cannon Electric International lac. 4 34 48 Firth Clevelaad Instruments ; sé 85 Knitmesh i 
Carr Fastener Ltd. wih a Formica Ltd. .. os * : 68 








Hydraulic Variable Speed Gears 


Positive h - draulic drives providing smooth stepless 
speed variation over a 27/1 range with sensitive 
accurate control at all output speeds. 
Carter Gears are made in eleven sizes suitable for 
variable speed drives from fractional up to forty 
horsepower. They will transmit a constant output 
ue throughout the entire range and may be 
oo caeies ) nee ae op up to 
the required run 
Remote Electrical, +> bmn Handwheel controls 
are available and speed control setting ad 
can be made with the drive running or stationary. 


To obtain copies of current technical 
publications on the eleven available sizes, 
please write to us quoting reference 661. 


CARTER GEARS LIMITED. 
Ns cokers of Hydraulic Infinitely Variable Speed Gears 
Bradford 3. Yorkshire. England. Phone: Bradford 64378 
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If you're expanding 
then you’re borrowing 


More permanent capital is what you need — 
ICFC can provide long-period loans on fixed terms, 
and share capital, to businesses in Great Britain 


Set up by the English and Scottish banks in 1945, 
industrial & Commercial Finance Corporation Ltd 
has provided £70 million to nearly 1000 companies 





‘CAPITAL FOR BUSINESS’ 
which explains what the Corporation can do 
will be sent on request 


LONDON 
7 Drapers’ Gardens, EC2 National 8621/5 


and branches in industrial centres 





sv. 
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TANTALUM 
ELECTROLYTIC 
CAPACITORS 


TYPE T21 

Hunts ‘Huntalic’ Tantalum foil capa- 
citors are offered for applications in 
the temperature range —40°C to + 85°C, 
wherever smaller physical dimensions 
and lower leakage currents and power 
factors are required than are available 
with standard aluminium sub-minia- 
ture units. A very strong connection 
has been obtained by welding the 
anode termination to the anode riser 
inside the synthetic resin seal. 








TYPE Ti1 

Hunts ‘Huntalic’ wet tantalum slug 
type capacitors provide high capaci- 
tance in miniature sizes, in the tem- 
perature range —60°C to +100°C. 
‘Huntalic’ capacitors do NOT use cor- 
rosive sulphuric acid electrolyte: and 
the possibility of seepage is further 
reduced by sealing in double cases. 











CHARACTERISTICS 


TYPE T2!1 TYPE T11 


LENGTH: 0-575" A B c fe] 
TO 0-600" LENGTH: 0395" LENGTH: 0-630” LENGTH: 0-650" LENGTH: 0-795" LENGTH: 0-960" 
DIA: 0:145° DIA: 0°120° DIA: 0-160" DIA: 0-250" DIA: 0: 250° DIA: 0-315" 


+ + + > 


D.C. WKG. VOLTAGE uF OLIST No. LIST No. uF LIST No. uF LIST No. uF LIST No. | uF LIST No. 

3 TF201 

6 TF202 TW301 60 Tw302 TW303 210 Tw30e | 500 6=—- TW305 
12 TF203 TW306 32 TW307 TW308 110 TW309 250 TW310 
18 Twat 20 TW312 TW313 70 TW3t4 TW315 
24 TF204 

35 TW316 12 TW317 TwWa318 40 Tw3i9 | 9 8=©6TWw320 
7 6 TWw322 Twa23 20 Twa24 45 TWw325 


7 


TYPE T11 REVERSIBLE The present range of non-polarised tantalum capacitors is 
" > represented by two physical sizes and five working voltages 


saiaieia dea These types are assembled from accurately matched pairs and 
SIZE CC SIZE OD sealed in insulated brass cans, which can be used as external 
0-745" x 0-600" 0-890" x 0 600° screen 
x 0-285" x 0-285" 


REGISTERED TRADE MARK 


[oe WK. VOLTAGE uF LIST No. uF LIST No. hk A. H. HUNT 
Thos Thos (Capacitors) LTD 


105 
55 

TRE13 35s TREI4 CAPACITORS 

TR618 2 Tree Tut TRADE wax of keuasuiry § Wandsworth, London, S.W.18 


TR623 TRE24 
Telephone: VANdyke 6454 
FACTORIES ALSO IN ° SURREY SUSSEX AND NORTH WALES 
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Precision 
Servo 
Gomponents 


for missiles 
aircraft and automation 


In-line gearhead coupled 
to servo motor. 


Size 10 A.C. Motor. 


Size 11 A.C. Motor Tachogenerator. 


Size 08 D.C. Motor. 
PG.800 D.C. Governed Motor 


High Speed Rotary Switch 


Control Equipment Limited 


IN-LINE GEARHEADS. 
Low-inertia, low backlash precision 
reductions gearheads in  Inter- 
national frame sizes 10, 11, 1§ 
and 18, ratios up to 1000:1. Can 
be directly coupled to International 
Frame size servo motors, synchros, 
potentiometers, etc. 


D.C. SERVO MOTORS. 
Miniature precision built ball bear- 
ing motors with permanent magnet 
field. International frame sizes 07, 
o8, 11, 15 and 18 or ‘P’ series. All 
motors are reversible and can be 
used as generators. 


A.C. SERVO MOTORS. 
Precision-built, low inertia motors, 
2-phase 400 c/s or 50 c’s in Inter- 
national frame sizes 07, 08, 10, 11, 
15 and 18. 


P.G. 800 GOVERNED MOTOR. 
P.800 D.C. Motor fitted with 
centrifugally operated governor. 
External power transistor circuit 
handles 97% of armature current. 


A.C. MOTOR 
TACHOGENERATORS. 


Combined 2-phase servo motor and 
low inertia drag-cup generator, low 
residual voltage and good linearity. 
International frame sizes 08, 10, 11, 
15 and 15/18. 

BREADBOARD 
COMPONENTS. 

A wide range of standard supports, 
shafting, gears, differentials, etc., 
for breadboarding servo systems. 
All parts made from first class 
materials and manufactured to close 
tolerances for ease of assembly. 


HIGH SPEED ROTARY 
SWITCHES. 

Up to 24 Switch wafers either 24 
or 48 way can be fitted to a motor 
and gearhead drive. Scanning 
speeds up to 12,000 r.p.m. compact 
design, low noise level and great 
reliability. 


Split-Field, D.C. Tachogenerators. 
Synchronous, Damped and Braked 
Motors also available. 


* Write or telephone for literature dealing with 
our expanding range of Control Equipment 


30, Bouverie Street, London, E.C. 4. Telephone LUDgate Circus 7061 wap sis0 








